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NAVIGATION: 
In Two Parts. 

I. ATK INS O N's EPITOME. 


$i 

II. NAVIGATION New Modell'd: Or, ; 
The Whole Arr Performed, without Tables or ; 
Inſtruments, by a New MErhop, never yet Pub- 
liſhed : Illuſtrated with Practical EXAMPLES 


—— —— r : 


of keeping a Journal, and correcting by an Ob- X 
ſervation; With a New Way of finding the 1 
VARIAT ION, and Time of HIGH WATER, \ 
Kay Known Port. ET TEES -"M 


With Proper and Correct TABLE 8, viz: 


1. A Table of the Sun's Right Aſcenſion. 2. A Table of the = 
Right Aſcenſion and Declination of the Principal fixed Stars. - 
3. A Table of the Sun's Declination, Calculated for 20 Years. 
4. A Table of Latitudes and Longitudes of the Principal 

Harbours, Capes, and Iflands, in the World. 5. A 
Table of Difference of Latitude and Departure, for the ex- 
act Working a Traverſe. 6. A able ſhewing the Firſt 
Day of March, Epact, Dominical Letter; with a Perpetual 

- Almanack. Likewiſe the Uſe and Deſcription of the Qua- 

_ drant, Croſs-Staff, and Nocturnal. By H. WIIsox. 


1 


To which is added, for tht Help of young SE AMEN. 

The Draught of a Ship, with all her Rigging: Every Rope 

particularly deſcribed by its proper Name : and alfo, a Dic- 

tionary, Explaining all the Terms uſed at Sea, in an Al- 
phabetical Order. \ | 
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BOOKS of Navigation Sold 1 GEORGE GRIE RSO, 
Printer to the King's moſt Excellent Majeſty „ at the 
King's Arms and Two Bibles in Efſex-Street. 

i 

1 We Coaſting Pilot for England, Scotland, Ireland, Hol. 

land, Flanders, &c. Yb” | 

Engliſh Pilot for the Channel. N 

Engliſh Pilot for the Northern Seas, 

Engliſh Pilot for the Streights. 

Engliſh Pilot for the Veſt-Indies. 

Engliſh Pilot for Africa and Cui nea. 

Mariners Compaſs Rectified, &c. 

The Mariner's Magazine, containing the Art of Navigation, 
Surveying, Gauging, Gunnery, Aſtronomy, Dyalling and 
Fortification, by Capt. Sam. Stur my. 

eG containing Charts of the Sea Coaſts of the whole 
World. | | 

The Mariner's New Calendar, by Nathaniel Colſon. 

The Seamen's Practice, by Richard Norwood. Y 

Norwood's Doctrine of Triangles, (with Logarithms) applied 
to Navigation. 

The Theory of Navigation demonſtrated, by 7. Hode ſon. 

Practical Navigation, or an Introduction to the whole Art, 

by John Seller. | 

The whole Art of Navigation, by Capt. Daniel Newhouſe. 
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The Compleat pe of or Art of Rigging ; ſhewing how to 
raiſe the Model of any Ship, and to fad the Length and 
Bigneſs of every Rope in all Veſſels, with the Weight of 
their Anchors and Cables, by T. Miller. | 3 

The Boatſwain's Art, or the Art of Rigging any Ship. 


Ship-wrights according to their Cuſtom of Building ; with 

the drawing of a Draught, the making and marking of a 

Bend of Moulds, with a Table of Squares, by EG. 

Buſhnel, Ship-wright. | 
Seaman's Grammar, by Capt. Jon Smith. 
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A New Form of keeping a Sea-Reckoning, or Ac- 


EPITOME 
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Art of NavicaTION; 
OR, A 


Short and eaſy Methodical Way to 
become a Compleat Navigator. 


CONTAINING 


— 


Practical Geometry, Plain and spherical, | 


Superficial and Solid; with irs UsEs in 
all Kinds of Menſuration. 


Trigonometry, Plain and Spherical, both Geometri- 
cal, Inſtrumenral, Logarirhmetical; with its 


Us xs in NAVIGATION, viz \ 


In Plain Mercator's and Great-Circle Sailing, Geo- 
graphy, Aſtronomy „the Projection of the Sphere &c. 
The Deſcription and Uſe of the Plain- Chart, Mercator's- 


Chart, both Globes, Hemiſpherex „ and divers other 
Inſtruments. 


count of a Ship's Way. 


A Traverſe-Table; a Table of Meridional Parts; a 
Table of 10 ,000 Logarithms, and Logarithmetical 
Sines, Tangents and Secants, carefully Corrected. 


By FTAMES ATKINSON, Eni, 


| TEACHE« of the MATHEMATICKS. 


| DUBLIN: So 
Printed by and for GEORGE GRIERRSO x, Printer A 


to the King's Moſt Excellent Majeſty, at the K7 
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BOOKS rf Navigation, &c. 


L Pitome of Navigation, ſhewing the Doctrine of Triangles, 
| FE. and all the three Kinds of Sailing, Aſtronomy and Geo- 
aphy, with uſeful Tables in Navigation. By H. Cilli. 
bn With Large Additions. By James Atkinſon. 
Norwood's Epitomy, with Additions. By James Atkinſon, 
The Mariners Compaſs Rectified. By A. Wakely, much en- 
larged by J. Atkinſon. 
A Key to Arithmetick and Algebra. By John Parſons. 
The Rule of Proportion explained in Navigation, &c, By 
Edmund Wingate 


Arithmetical Trigonometry, with the Conſtruction or making 


the Tables of Logarithms, Sines, and Tangents. By 
Mark Foſter. : 
Square and Cube Root compleated. By Peter Halliman. 
There are Sold alſo all forts of Mathematical and Sea-Books 
in Engliſh, Sea-Charts for all parts of the World, or Books 
of any other Subjects; all ſorts of Paper, or Paper-Books; 
1 the beſt Ink, and other Stationary-Ware, at Reaſonable 
ates. a 
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TO ALL 


Lovsrs and LEARNERS 


my Grateful Acknowledgment thereof; but alſo excited 

my diligent Search into, and exact Survey of every Part of 
it's Structure, to find out the Defecte, to know all it's De- 
fciencies, which I have ſo far laboured in: That in this Ele- 
renth Impreſſion, _ 3 229] | 2 

I have now Recti fied what was Amifs, Alter d what was Diſ- 
orderly : Explain d what was Dark or Obſeure; 1 
vhere it was Skanty, added where it was Wanting. An 

Thefe Ratifications, Alterations, Emendations, and Additions 
being in divers Places, I thought it needleſs to Enumerate 
them ; for they are obvious to a diligent Reader, that will but 
compare the Rules, Precepts, and Examples of this with the 
former Impreſſions, in the plain and eaſy Method they are 
placed in, which is thus; pf ER 1 | 

1. You have Practical Geometry, explained by Definitions, 
Problems and Proportions. In this Chapter is taught the making 
the moſt uſeful Geometrical Figures, with the meaſuring all Su 
perficies and Solids ; Alſo the Application thete in Practical 
Meaſuring, Board, Glaſs, Plaiftering, Painting, Paving, and 
Land: Timber and Stone; Gauging of Caſks, and a Ship's | 
Hold: All being illuſtrated with Rules , Proportions and Ex- 
mples, eaſy to the Underſtanding, and not burthenſome to the 

emory ; and ſo ſtated that they may be performed both by A- 
nthmetick, and by the Line of Numbers on Gunter”s Scale, in 
Problems. i 


E General Approbation of this Book £2 ſmee it's fir/? 5 
prefſion in 1686, hath obliged me not only to publiſh 


A 3 The 


vi Th PREFACE. 


The firſt Chapter I adviſe the Learner to Van well before he 
proceed, it being preparative to the next, as indeed they ore all 
depending on one another, as Links in a Chain, 

II. Plain Trigonometry 7s next, in which are many uſeful 
Notes, and Definitions, with the Axioms, and alfo the Caſes de. 
pending on each Axiom, orderly ſet dun in 8 Problems, con. 
taining 12 Caſes. a ; 

9 here 771 advertiſe the Young. „ that would work 
Trigonometry by the Logarithms, to conſult Chapter 1. The 
Explanation and General Uſe of the Table of Logarithms, 
and Tables of Sines, Tangents, and Secants, teward the 
latter End of the Book; in Page 294-.. : | 

III. Then follows Plain T rigonometry, applied in Problems 
of Sailing by the Plain Sea-Chart, cOmmontycall?dPlain Sailing. 

And that nothing be wanting, I begin with the common Notes 
of the Julian Kalendar; ſhewing how to find the Prime, Epact, 
Dominical Letter, Eaſter-Day, the Moon's Age, Southing 
and Time of Full-Sea; o High-water. n Problems. 

Then proceeding to the Deſcription and Uſe of the Plain 
Chart, 1215 Problems , before I come to th Caſes of Plain Sail. 
ing, whiohT divide into 3 Parts, © 25 1 

1. In à Right- angle Triangle relating to a ſingle Courſe ; in 
which are 6 Caſes, commonly called the 6 Caſes of Plain Sailing. 

2. In à Right-angle Triangle relating to ſeveral Courſes 


eall:d a Traverſe. * | HS + 
3. In an Oblique Triangle, in - which are but 4 Caſes, 


though there may be a multitude of various Queſtions ; of which | -þ 


ou have a Taſte in Totning"to Windward, and Sailing in 
Currents. In Problems:: . fo 2 =p 
IV. In Chapter 4th. is Mercator's Sailing: To the right un- 


derſtanding of which, tis neceſſury to deſcribe Mr. Wright's f 3 


Projection, commonly known by the Name of Mercator's Chart, | ; 
and ſhew the Uſes of it, before'T treat of the Problems Sailing 
Z it; which you will find perform*d-in 12 Problems. In the 


firſt g the Table of Meridional Parts, © the Meridional Line on 3 
Gunter's Scale ie uſed. And in Caſe that Table or Line be 
wanting to ſupplythèir roam, I have adged Problems of Sailing 


by the Middle Latitude, which *vill nearly agree with Mer- 2 
cator's Sailing, a thing of good Uſe. In 4 Problems. = 
V. Spherical Trigonometry, or the Doctrine of Spherical 


Triangles Rectangular and Oblique, is next in Order; and it" 
peing ſo neceſſary, you ſhould underſtand hau to make a Spherical 


Triangle 


The PREFACE. 1 ol 

S Triangle, and alſo how to meaſure any of its Parts, before the 
A framing and working Proportions therein, Thave fully explain'd 
hat Matter in the beginning of this Chapter, being in a Manner 

a New Invention, I call Spherical Geometry: This you have in 

21 Problems. 

And in Spherical Trigonometry it ſelf, {the next in order) 
you have all the Axioms and Cales, both in Rectangular and 
Obliquangular Triangles, explained with neceſſary Notes on 
each Caſe As to know when a required Angle is Acute or Ob- 
tuſe ; and when a required Side is more or leſs than a Quadrant, 
in 12 Problems, containing 28 Caſes. 

VI. The Deſcription and Uſe of both Globes 7s next to be 
By conſider?d ; in which Thave plainly and familiarly explained and 
I hewed the Uſe of the moſt neceſſary things belonging or relating 
b each of theme In 24 uſeful Problems. 
= To which is annexed a ſhort Deſcription and Uſe of the He- 
miſpheres, projected on the Plain of the Ecliptick. 
VII. Geography zs the Subject of this Chapter, which is the 
=4 Application of Spherical Trigonometry in finding the True 
£4 Diſtance of Places in the Variety of their Situation on the Globe 
of the Earth. In 4 Problems. bg 
VIII. Great Circle Sailing comes next, which as it's the ex- 


Fr a Ship exadtly to fail by; yet it's of great Advantape to kee 
. 3 near it for which Purpoſe 7 5 Il find all that wee 
= /orily belongs or relates to it, both as to the Projective P art, and 
bat both Stereographical and Gnomonical; as alſo in the Cal- 

= culative Part, which 7s the Application of both Spherical and 
lain Trigonometry fully made out. With an Intimation of 


reat Circle in a Mercator's Chart. In 4 Problems. 


. iry Aſtronomical Problems ſeful in Navigation, wherein the 


It explained to the meaneſt Capacity, with Reſpect to the diurnal 
; tion; and that either, 
ing! 


er- E Right - angle Spherical Triangle, all the Variety of Queſtions 


„a Examples that relate to the Sun, with Reſpect to his Longi- 
ical gude, Declination, Right or Oblique Aſcenſion, or 8 
au %, Setting; Amplitude, Altitude and Azimut 

CIR our of ſix ; Altitude, Hour of the Day, when Eaſt or Weſt ; 
gle . 9a 4 Hour 


: afteſt Way of Sailing, ſo it's the moſt difficult, and hardly poſſible 


bartning the Work by ſhewing hew to deſcribe the Arch of a 
IX. Next you have Spherical Trigonometry, applied in ſun- 
yl Gircles of the Sphere are deſcribed, and the neceſſary Terms of 


1. According to the Ptolemaick Syſtem, wherein you have in 


or the 


—— 


Compaſs, and how to 7 the Compaſs, and to Correct the 


whereby the whole proceed, and every particular Tranſaction of B 
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Hour Azimuth, and Altitude, when he is in the Equinoctial. 
In 24 Problems. Alſo, | | 
In an Oblique Spherical Triangle, you have great Variety 
both with Reſpect to the Sun or a Star, in many Queſtions and Ex. 
amples relating to the Sun's Altitude, Azimuth, and Hour of the 
Day, in any Place, at any time of the Year : And relating to a 
tar; as to its Longitude, Latitude, Declination, Right Aſcen- 
jon, Riſing, Setting, Amplitude, Altitude, Azimuth, Hour of the 
 Nigtt, its Altitude on the Meridian, and Time of its coming to 


it - In 12 Problems. Or, = / 
2. According to the Pythagorean, or Copernican, Syſtem ; bi 
which is now generally received, as moſt agreeable to the obſerved Wie 
experienced Motion of the Heavenly Bodies; wherein Spherical Po 
Trigonometry 7s applied in WO of Queſtions and Examples WA ! 
relating to the Earth's Diurnal Motion about its own Axis, 


once in 24 Hours, whereby all the viſible Appearances of the 
Sun and fixed Stars are ſolved, with the Deſcription of the 
Circles of the Sphere, ang how they are drawn Stereographically 
on the Plain of the Earth's Ecliptic. In 9 Problems. 

X. Then follow very eaſy Rules to find the Variation of the 


Courle thereby, both Arit 
great Readineſs. | * 
Alſo here you have the way Projecting the Sphere Ortho- 
8 In 2 Problems, with many Examples. £ 
XI. AnObſervation, either of Sun or Star; what it is, how or 
with what and when tis taten; with Rules to find the Latitude of WA 71, 
the Place of Obſervation, and all the Varieites therein reduced res 
unto one Propoſition, containing two General Caſes, fully ex- 
plained by many Examples. | | 
XII. You have next the Uſe of all the foregoing Inſtructions, 
ſummarily comprehended in a new Form of Recping a Sea-Reck- 
oning or Journal, wherein the Log Book and Journal in Words 
at Length andTabular in Figures, are kept together in one Book ; 


metically and Inſtrumentally, with 


any Voyage at all times may he ſeen and known, which will be 
20 ſmall Sati faction to theſe concerned in Ship and Goods, nor 

a little Augmentation to the Mariner's Credit and Reputation. 
And that ſi uſeful and beneficial a Method might be practiſed by 
allwho defire to keep a Compleat and Exact 1 , and ſo be en- 
abled to render a good Account thereof : Thave largely iden the 
: Unis 
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Form and Manner it, with plain Rules and Directions howto 
correct the Reckoning by the obſerved Latitude, and how to 
find what Latitude and Longitude the Ships is in every Day; 
with an Example of a Seven Days Journal : and how each Days 

J Sailing is managed, in taking it from the Log-Board, caſting it 
A >, bringing it into one Courſe and Diſtance ; with framing the 
Dead- Reckoning and ſetting it in the Journal. So by this the 

Idole is made more intelligible. 

i Laftly, In the Tabular Part, you have firſt a Traverſe Table, 
= which tho? it ſkands in ſo little Room as two Pages, yet by it the 
2 Difference of Latitude and Departure from the Meridian, may 

e found for any Diſtance under 10,000 and for every Quarter 

Point of the Compals. 

= Next to that, A Table of Meridional Parts to every 5 Minutes 

Latitude, which together with the Table of Proportionable 
X _ annexed, the Meridional Parts for each ſingle Minute are 
un 
And next adjoining is a Table of 10,000 Logarithms, 

After which you have a Triangular Canon Logarithmical, or 
Table of Artificial Sines, Tangents and Seconds, to every 

begree and Minute of the Quadrant, which are corrected with 

ve than ordinary care, there being none when this Book was 

e publiſhed in 1686, extant (in this Volume) that had Secants 

eſides this. The Deſcription and General Uſes of theſe Tables are 

mprehended in four Chapters, containing 13 Propoſitions and/et 

J before the Tables. At page 294. | 

De Schemes or Figures, are containedin 10 Copper-plates, in- 

ted in their proper Places, being orderly Numbred with proper 

Wilferencesfor the more eaſy turning to any upon Occaſion. 

= Thus have you the Sum of what's here treated, what my Labour 


Hz 


i Pains have been herein, I leave you to judge who are moſt 


* 


* 


ange many Hundreds ] have Taught. Therefore if my 
+ Wiftader would be a Proficient herein, let him begin chearfully, 
by proceed gradually, and the End will crown his Endeavours 
u Wh anſwerable Succeſs. 


That 
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That my Learner may ſo read as to underſtand, and ſo under. 
ſtand as to be a Proficient, is the Deſire 6 and where I am preſent 
is the Endeavour ) of him, who wiſhet 
Welfare, andthe Progrels of Arts, 


the Young Student's 


Near Cherry-Garden-Stairs 
en Rotherith Wall, in the 72d JAMES ATKIngoN, 


Year of my Age, 1717. 
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ebene of the Art of Novigatio. 
CHAP: I. 


Prattial Geometry explain'd by Definitions, Problems 
and Proportions. 


J Ecometryis a Mathematic Science, explaining the Kinds 


and Properties of continued Quantity or Magnitude ; 


that is; a Line, a Superficies, and a Solid, whoſe O 
riginal i is from a Punct. 


Section. I. Of Lineal Geometry, or the firſt kind of Magnitude | 


Definitions. 1, AN Pun or Point, that is which cannot be di - 


| vided into Parts,and is the end of aMathe- 
matical Line: As the Punct A. Plate 1, Fig. I. 


2. A Mathematical Line hath no Breadth, or Thickneſs, 


only. Length; it is made by the moving of a Punct, and (Son- 
ſidered in it ſelf) i is either Regular or Irregular, 


3. Regular is either a Right Line or an Arch. 


4. A Right Line is the ſhorteſt Diſtance between two 


Puncts.; as The Line BC. Plate 1. Fig. 1, 


5. An Arch is not the ſhorteſt Diſtance between two Puncts, 
but bendeth evenly : As the Arch DE. 


6. Irregular is wed crooked Line that bendeth unevenly : 7 


as FG. Plate 1 Fig. 


7. Lines com 1 8 are either Paralell, or inclining ; from 


whence proceed many Problems. 


Problem. I. Jo draw a Line parallel to a given Line, _ | 


Deion, Pl Lines, are of equal Diſtance, andifFi in- 
h finitely produced, (being in the ſame Superti- 
ales) will never meet: as the Lines AB and GD. Plate 1. Fi ig -2- 
Example. AB the Line given 
C is a Punct 


Through which Punct C, and parallel to the Line AB, a 


Line ĩs required to be drawn. 


1. Take (with a pair of Compaſſes) the neareſt Diſtance 


l 


2. With 


12 Practical Geometry. Chap. J. 


en With that Diſtance (in the Compaſſes) and one Foot of 
Compete feng where in the Line AB,) draw fthat way 

ro Punct C lieth) an Arch D. 
3; From the Punct G draw a Line to touch the Arch D. and 
it's Tone, for the Line CD, is parallel to the Line AB, as was 


required. 


Problem IT. 7 0 bifedt or divide a given Line into two egual Parts, 


Example. AB is a given Line. Plate 1. Fig. 3. 
To find the middle thereof is required. 

I. Ith any Diſtance, (greater than half the given Line 

W AB, and one Foot of the Compaſſes on A, deſeribe 
the Arch CD. 

2 With the ſame Diſtance, and one Foot on B. croſs the 
former Arch in C and D. 

By C and D draw a Line which will cut AB in E. the 

middle; Sou if AB is equalto EB, it's done true ? which Point 
F is the middle of the Line AB as was required. 


Prob. III. Yoered a Perpendicular from a Punct in agiven Line. 
Definition 1.  Nelining Lines, are not of an equal Diſtance, 
and if produced, will meet : as the Lines 
AB, and CD. Plate Fig. 4 
de The meeting of fockaing Lines, (called an Angle) is 
Direct or Oblique. 
3 Dired-meetin bf Lines, is when the Angles on each Side 
al: as EGF, and GH and this kmd of mecting is 
calle Perpendicular. Plate 1. Fi if. 4. 
Example. AB, is a Line given 
The Pun& A on end of it, from whence to 32 a Perpen- 
dicular is required. As Plate 1. Pg. 5 
1. With any Diſtance, and one ootin A, draw an Arch to 
cut the Line AB in D. 
2. With-the fame Diſtance, and one Foot in D, draw an 
Archto cut the former Arch in C. 


3. With the fame Diftance, and one Footin & defcribe an 


Arch DE, to cut the Line AB in D). 

4. By e and D draw a Line, to cut the Arch DE in E. 

5 Then by A and Ldraw a Line, and it's done: For the 
Line AE is Pe endicular unto AB, as was required. 
Problem IV. 75 

to a given Line. 


Prample. AB'is a Line given; C is a given Punct: From 


whence to letfall the Ferpendicular to the Line AB, is required. 
Plate 2. Rg. 6. p | 1. Draw 


let fatt a Perpendicular, from a given Punct 


1 


ect. J. Pr adtica] Geometr Jo 13 


1. Draw a Line (at Pleaſure) from. C to AB, as is the 
Line CD. | | 
2. By Prob. 2 biſect the Line CD in KE. 1 

3, With the Diſtance EC, equal to ED, and one Foot in 
E, croſs the Line AB in A. | 


. 
. 


4. By A and C draw a Line, and it's done: For AC is a 


Perpendicular let fall from the Punct C, to the Line AB as 
was required. Prob. V. To make aplain Angle. 
Definitions 1. The meeting of inclining Lines is called an 
Angle, and the Lines ſo meeting are called Sides of the Angle; 
as AB and AC. Plate 1. Fig. 7. CY 
2. An Angle is either a Right Angle, or an Oblique Angle. 
3- A Right Angle is where two Lines are Perpendicular to 
each other; as ED and DF. Plate 1 Fig. 7 | 
Note, A Right Angle, is juſt go Degrees. | 
4. An Oblique Angle is either Acute leſs than 90; as BAC, 
or Obtufe more than go Degrees; GH in Fig. 1 Plate 7. 
Note, An Angle is written with 3Letters, the middle Letter 
fignifieth the angular Punct; BAC fignifieth the Angle A. 
An Angle is meafured by an Arch, whole Center is the angu- 
lar Punct, and is drawn from the one Side to the other of the 
Angle, as the Meaſure of the Angle KLM is the Arch NO, 
Plate 1. Fig. 7. 
Whata Degree is you may ſee in Prob. gDeſinition x. 
1 1. At Ain the Line AB, to make a Right Angle, 
ate 1. Hg. 7. : n 
The 6 A (by Prob. 3) erect the Perpendicular Ad, 
and it's done: For the Angle BAC is a right Angle. 
Example 2. At A in the Line AB, to make an acute Angle 
equal to 41 Degrees, Plate 1. Fig. 8. 
1. Take (always) a Chord of 60 Degrees from your 
Scale, and with one Foot on A draw an Arch DE, to cut the 
Line AB in D. | 


2. Make the Arch DE equal to the Chord of 41 Deg. that 


is, take 41 Deg. from the ſame Scale of Chords, and lay it on 
the Arch from D to E. | 
3. By A and E draw the Line AEC, and it's done: for the 
Angle BAC is an acute Angle, containing 41 Degrees. 6 
Example 3. At Bin the Line BC, to make an obtuſe Angle 
equal to 102 Degrees. Plate 1. Fig. 8. 232 55 
1. As before (with one Foot on B) draw the Arch EF with 
a Chord of 60 Deg. to cut BC in E. 1 
2. On that Arch make EG equal to GF, and each equal to 
Sid. the half of 102d. that is, take 51d. from the ſame Scale of 
Chords, and lay it on the Arch from E to G, and from G to E. 


3. By 


ww. 
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3+ By Band F draw the Line BFD and it's done ; for the 
Angle CBD is an obtuſe Angle, containing 102 Degrees, 
Sect. II. Of Super ficial Geometry ,or theſecond kindof Magnitude, 
18 1. A Superficies hath no Thickneſs, only Length 
and Breadth, tis made by the Moving of a Line; and is 
either Plain Convex or Concave. 


2. A plain Superficies, is a Figure flat, ſmooth, and even, 
made by the Motion of a right Line, it's either ſtmple or various. 


34 Tante Rares orSuperficiesis bounded by $ one Line I 
4 


various Lines. 


Ellipſis. 


5. A Figureboundedby Lines, is either a Triangle, a Qua- | | 


drangle or a Multangle. 


6. In every Superficies there are three Things to be noted. 5 
1. The Term, which is that Line, or Lines bounding it; as 


BCD EB. Plate 1. Fig. q. | 
2. The Center, which is a Punct inthe Middle of it, as A. 


3. The Area, which is all the Space contained within the 


Term, as ABCDEBA. Plate 1. Fig. 8. 


7. The Kinds of plain Figures are Seven, a Circle, a Triangle, 
a Quadrangle, anda Multangle, the moſt eaſy to make; the more 
difficult are the Ellipſis, Parabola, and Hyperbola ; each affords 


divers Problems, of which we begin with the Circle. 
Prob. VI. To deſcribe a Circle, having its Diameter given. 


Definitions, 1. A Circle is a plain Figure bounded by one Line 3 


called the Periphery; as ABG DEBA. Plater. Fig. q. 


2. The Periphery of a Circle, is a Line compaſſing it; {c : | 


that it's equally diſtant from the Center. as BCDEB. 
3. The Center of a Circle is a Pun& in the Middle of it 


from whence all right Lines drawn to the P eriphery are equal . 


and call'd Radius; as A. 


4. The Diameter a Circle, is any right Line drawn throug : 
the Center to the Periphera ; it biſecteth the Circle, andis th 


longeſt right Line can be drawn in it ; as BAD is a Diameter. 


Example, BD equal to 60 Inches is given, to make a Cirel : 


on or about it, is required. Plate 1. Fig. 10. 
I. Biſect by (by Prob. 2.) the Line BD in A. 


2. With the Diſtance AB equal to AD, and one Foot on A : 


deſcribe the Periphery BCDEB, and it's done. 


Prob. VII. To draw the Periphery of a Grcle through any thr : 


Puncts not in aright Line. 
Example, BC and D are three Puncts given, through the 


to draw the Periphery of a Circle is required. Plate 1. wo t : 
| 1. 1 


. A Figure bounded by one Line, is either a Circle or an 


0 og 
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1. With any Diſtance (greater than half CB, or CD) and 
one Foot in C, draw an Arch FGHI. 


2. With the ſame Diſtance, and one Foot in B, croſs that 
Arch in F and G. | 

3- Likewiſe (with the ſame Diſtance and) one Foot in D, 
cut the former Arch in H and J. 


4. By F and G, and H and I, draw Lines to cut each 

; other in A the Center. | 

5. With theDiſtance AB, equal to AT, equal to AD, and 

one Foot on A, draw the Periphery BCDB, and it's done. 
Prob. VIII. To quarter a Circle, or in a Circle to draw two 


n Diameters at Right Angles. 8 
Example. BC DEB the Periphery, and A the Center of the 
„given Circle. In which to draw two Diameters at Right An- 


ples is requir' d. Plate 1. Fig. 12. 

1. Through the Center A, draw the Diameter BAD. 

2. Biſect (by Prob. 2.) BAD, by drawing the Line CAE, 
and it's done. And BC, CD, DE, and EB are equal to each 
other, it's done true; otherwiſe not. | 
Prob. IX. To find the Chord, Sine, Tangent, and Secant of an 

Arch of a Circle. 
_ Defnitions. 1. If the Periphery of a Circle be divided into 

350 equal Parts, they are Degrees; a Degree divided into 60 
= equal Parts, are Minutes; a Minute into 60 equal Parts, are 
Seconds, &c. Plate 1. Pig: I 3. 

2. The Arch of a Circle is any Part of the Periphery ; as 
BY EB, or EBF; and is counted in Degrees, which are greater 
or leſſer in Proportion to the Radius of the Circle. 

= 3. Radius of a Circle is half its Diameter, or any Right-line 
by drawn from the Center to the Periphery : As AB. 
4. A Chord-line is drawn from one end of an Arch to the 
other; as EDF, or EB, or Chord-lines. 

5. A Sine-line is half a Chord-line of double the Arch: as 
b (being half the Chord EDF) is Sine of the Arch BE, and 
br the Sine of BF. 1 

56. A Verſed Sine- line is between the Sine - line and the Peri- = 
= phery, as DB is the Verſed Sine of the Arch BE. = 
= 7. Tangent toucheth the Periphery, and is Perpendicular Pu 
boa Diamiter in the touch Punct: as BC is a Tangent Ling = 
WJ of the Arch BE. | 1 
= 8 Secant cutteth the Periphery, being drawn from the Cen- = 
ol ter, till it meet the Tangent: as AC is Secant of the Arch BE. 1 
= Example. The Chord, Sine, Tangent, and Secant of 45 vw 
Degrees is required. Plate 1. Fig. 13. Fl 

1. With any Diſtance (and one Foot on A) deſcribe the 
Periphery HIBG, | 2. Quarter 


— 


O — - . — — — — —— —— — — — - =_ 
* — — — — - —— - — — A =." a> — . 2222 - — : A - — — — 
L 2 N — — - * EO II I Jos. > — hes 1 0 FAY 
* — —— 22 — 2 ̃ĩ— 1 ˙ 2 IJ e * — » = . — — 1 3 5 
7 A — N n N a SW, 1 228 2 v 
* — 4 > 4 N - f 7 
* * 
F 


then BE equal to EI is equal to 4< Degrees. 
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2. Quarter thePeriphery (by Prob. 8.) by drawing the two 
Diamiters HAB and IAG ; then is BG equal to GH, equal to 
HI, equal to IB, equal to ge Degrees. 

3. Divide (by Prob. 2.) BI into two equal Parts in E, and 


4. Make BF equal to BE, and draw the Lines BE, and 
EDF, to cut the Diameter HAB in D. 

5. At B (by Prob. 3) erect BC Perpendicular to the Diami- 
ter HAB; or draw (by Problem 1.) BC parallel to the Dia- 
meter FAG. | ; 5 

6. By A and E draw a Line to cut BC in C, and it's done. z 

Then the Line BE is the Chord of 45 deg. the Line EDF 
the Chord of go deg. the Line ED equal to DF, the Sine of 35 N 
deg. DB the Verſed Sine, BC the Tangent Line, and AC the 


Secant Line of the ſame Arch BE, equal to 45 Degrees. 4 J. 
This Problem is the Ground Work of the Line of Rhumbs. W 
Chords, Sines, Tangents, Secants, Sc. Set on Rulers called ? 


Scales: As alſo of the Degrees on the Quadrant or Croſs- : 
Staff, and other Mathematical Inſtruments. | Fg 
But its chiefeſt Uſe is in a Right Angled Triangle, as ſhall MW"! 
be ſhewed in Trigonometry, when I come to explain the firſt “ 
Axiom in making any Side Radius, to which you are referred. 
. Of Triangles the ſecond Kind of Plain Figures. 2 
Definition 1. A Triangle is any three corner Figure, having 
three Sides and three Angles. as ABC; and in reſpect of its An- 
gles is either Rectangular or Obliquangular. Plate 1. Fig. 14. . 
2. A Right-angle Triangle hath one Right-angle ; in its mak- WII 
ing hath a Perpendicular erected, or let fall: as ACB. 3 
3- Thoſe Sides containing the Right-angle are called Legs: 
as Leg. AB, and Leg. BC. Plate 1. Fig. 14. I 
4. The Side oppoſite to the Right-angle is called the Hypo 


tenuſe : as AC. Plate. 1. Fig. 14. | | 5 I / 
Prob, X. To male a Right Angle Triangle, the Hypotenuſe and to 
one Angle given. Wt 0: 


Note, 1. The three Angles of every Plain Triangle (together) 
are equal to 180 Degrees. | TO = 
2. To make a _ Angle Triangle two Things (belide b. 
the Right Angle) an _ 3 muſt be given. 4 
ypotenuſe AC 137 mg "TOS þ 
Example. The } Angle BAC 34d. 3om. given. Lan 


Wich them to make a Right Angle Triangle is requir'd ih 


Plate 1. Fig. 15, 1. 
1. Make the Angle BAC equal to 34d. 3om. (by Prob. 5M. 
Examp. 2) that is, take a Chord of 60d. and with one Foot s * 
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V draw an Arch. and on that Arch lay the Chord of zad. 
; pm. drawing AB, and AC, which includes the Angle BAG 
12 to 24d. yom: _ 
2. Make AG equal to 137 Feet that is, from any Scale of 
- Parts take 137, and lay it from A to C. 
From C (by Prob. od oy fall the Hes rags BC, to 


KF "the Line AB in B, and it's done. 

rob. XI. To make .a Right Angle Triangle; the Hypotenuſe 
'J 5 and one = 1 

| otenute AC 411 
. The Lon AB 342 
I With them to make a Right Angle I riangle, is required, 
ate 1. Fig. 16. 

ö 1. Make Ag equal to 242 Perches ; that is, from any Scale 
equal Parts take 342, and lay it from A to B. 

; 2. At B (by Prob. 3.) erect a Perpendicular BC. 

Z. With 411 Sg (That is, take 411. from the ſame 
e of equal Parts, the 342 was taken) and with one Foot 
Wt the Perpendicular i in C. 

: From A to C drawa Line and it's done. 


Perches given. 


ngle given. 


8 1 

- Leg AB 415 Miles, 1 

1. amp. The * le BAC god. 25m. 2 given. 

k- WE With them to me a Right Angle Triangle „is required by 


| 2 Wite 1. Fig. 17. 
. Make AB equal to 41 5 Miles, that! is, from any Scale uf 


U. z) erect a Perpendicular BC. 
7 At A (by Prob. 5. Example 2.) make the Angle BAC e- 
to 4od. 25m. (which is thus; take a Chord of 6od, and 


one Foot on A, draw an Arch, on which Arch lay the 
* of 4od. 25m. ) by drawing the line AC, and it's done. 


i b. XIII. To make a Right Angle Triangle, the Legs given. 
A 


? is The Leg 3 a 328 : Leagues given. 


ird | With them to make a Right Angle Triangle, is required; 
5 Make AB equal to 404 Leagues. And at B (by Prob. 3.) 
t Perpendicular BC. | 


2. Upon 


. XII. Zo make a Right Angle Triangle, one gy a and one 


4 4 Parts, take 415, and lay it from A to B. and at B (by 
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2. Upon the Perpendicular, make BC equal to 328 Leagues, 
and from A to C draw a line and it's done. be 
Of Oblique-angles Triangles. 1 
Definition 1. An Oblique- Triangle hath three Oblique An- 
gles, and is either an Obtuſe or an Acute Triangle. 5 
2. An Obtuſe Triangle hath one Obtuſe Angle, that is, one 
Angle more than god. as BCD. Plate 1. Fig. 19. = 
3. An Acute Triangle hath all its three Angles Acute; that Fr, 
is, each Angle is leſs than god. as EFG. Plate 1. Fig. 19. 
Nite, To make an Oblique Triangle, three things, (and 


one of them a Side) muſt be. given. IF 


Prob. XIV. To make an Oblique Triangle, two Angles andone : | Pro 


ſide oppoſite given. F 
Exam. The 8 BDC 26d. 40m. given. ne 
Side BC 352 Miles. be 
With them to make an Oblique Triangle is required. Plate ! 
1. Fig. 19. na 

1. Make BC equal to 352 Miles. And at C (by Prob. 5. 
Examp. 3.) make the Angle BCD equal to 114d. by drawing WM ! 

the line CD : That is, Take a Chord of 6od. and with one 
Foot on C, draw an Arch, on that Arch lay the Chord of 
114d. by taking its half 57d, and laying it twice on the Arch, . 
by which draw the line CD, thereby you'll conclude the An- 
gle BCD 114 Degrees, | Ft 
2. Add 114d. and 26d. 40m. its 140d. 40m. the Sum of 
the given Angles, which ſubſtract from 180d. oom. the Sum c, 

of the three Angles. — 4 
Remainder is the Angle CBD 9d. 20m. e. 

3. At B (by Prob. 5. Example 2.) make the Angle CBD e- 
qual to 29d. 20m. by drawing the Line BD : That is, with a 8 
Chord of God. and one Foot on B, draw an Arch, on that 1 
Arch, lay the Chord of 39d. 20m. by which draw the Line Wi tt 
Bo, and it's done. | BB 
Prob. XV. To make an Oblique Triangle, two ſides and one WM to 
Angle oppoſite given. Vit 
| . BC 274 0 xs: eal 
Example. The Side 135 426 | Miles given. kn 
Angle BCD 108d. gow: tl 

With them to make an Oblique Triangle is required, Plate 

1. Fig. 20. 

1. Make BC equal to 274 Miles, and at C (by Prob. 5. 


Exam. 3.) make the Angle BCD equal to 108d. 3om. by Hal 
drawing the Ling CD. TE, 
2. With Ne. 
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2. With 426 Miles and one Foot in B, cut the Line CD in 
s, and by B and D draw a Line, and it's done. 


; nb. XVI. To make an Oblique Triangle, two Sides, and an 
2 included angle uw 


3 ; BC 3272 | 
n ple. The 3 Jide J BD 274 F Feet Coven, 
1 Angle CBD 101d. 3om. ) TI 
wich them to make an Oblique Triangle is, required, Plate 
a . Ig. 21. : 


. Make the Side BC equal to 327 Feet. And at B (by 
e. 5. Exam. 3.) make the Angle CBD equal 101d. 3om. by 
aw ing the line BD. os 1 | 
„ Make BD equal to 274 Feet; and by Cand D draw a 
Ine, and it's done. | | 
prob. XVII. To make an Oblique Triangle, three Sides given. 
Nite; Any two Sides mult be greater than the Third, to 
make a Triangle. 


5 F | 
== Example. The Side 4 BC 425 Leagues given. 
ne | f CD 250 ) 
of With them to make an Oblique '1'riangle is required, Plate 
h, WW: fg. 22. . 


1. Make BD equal to 525 Leagues. Then with 42 5 Leag. 
ad one Foot in B draw an Arch G. | 5 

2. With 250 Leagues and one Foot in D, cut the Arch in 
G, and from C draw lines to B, and to D, and it's done. 


dect. III. Of Proportions for 27 * meaſuring Super ficier and 

Soli ds. 

Hing ſnewed the making the moſt common and uſeful 

L Geometrical Figures, I now proceed to their (and o- 
ters) Menſuration, by exact and eaſy Rules. 

Now to prevent the Books ſwelling too great, I'Il not 
trouble you with Arithmetical Calculation, but preſent you 
With an Inſtrumental way of Operation, that's quick and true, 
ey and ready, on Gunter” s-Scale, an Inſtrument fo very well 
mown, it needs the leſs Deſcription : Only to avoid Repeti- 
ons take this excellent Rule. 


A General Rule for Gunter*s-Scale, 
Extend the Compaſles from the firſt Term (in a Geometri- 
al Proportion) to the ſecond ; that Extent (if rightly laid) 
tom the third, will reach the fourth Term, or thing requir- 


ed. 


„ * 
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This Rule well minded, will make what follo us apy-1c WM 
eaſy, and ſave many Words and much Time ; ; and theretuce Ml 
to explain it, take this Proportion. 9 
As 2ĩs to 6, ſo is 5 to 15; which I ſhorten thus; 

2. 0; 

The . (on the Line of Numbers) from 2 unto 6, (ac. 
cording to the ſaid General Rule) will reach from 5, to ;thef l 
fourth Term and thing required. 2 

. Theſe Words may be ſpared by the ſhort Way of W. ing 
the Proportion and minding the Order of the Terms, a. in ii. MK 
Problems following. But for a full Explanation of the Gunter, A 
and hœu to war any Proportion by it, ſee my Addition 1% 
WAKELEY's MARINER's COME SEE RECTIF IE Ty 
Page 181, ©c.- 


Prob. AVHL. The Diameter. f a Circle given; to find it's\ 1 | 


Periphery. ; 

| The Rule. As 3/7 2x7 0. p . 

e Rule. A8 51 3.1 41 59 iameter eriphery. A 
Example, The Diameter 34 Inches: what is the Periphery?f 4 

.. Anſw. Inches 106.8 Tenths of an Inch. For, : K 

2 75 Fo * N = :34 Inches .. 106.8 tenths, E: { 


7 hat 1s, T he 23 of the Compaſſes (on the Line f 1 
Numbers) from 7 to 22, or from 1 to 3. 14, Oc. will reach 1 
from 34 Inches to 106.8 Inches neareſt, Obſerve the like inf I ; 
all the reſt. =__ 


Prob. XIX. By the PET to find the Diameter. 5 4 

NY a 107. 3 
The Rule, As 3. 14159 go 1 — : Periph...Dia. p 
I. 0.3193 = ** 


_ Examp. Periphery Inches 106.8 tenths, what is the Dia- 4 | 
meter. Anſwer, Inches 34 For 22.. 7 :: Inches 106.8.. 34% 
Inches the Diameter required. 3 


4 J «©: 

Prob. XX. The Diameter of a Circle given, to find its cal = 

45 or Content. p J ». 

1. Find its Periphery by Prob. 18. Then ſay, WM ©" 
The Rude. 12 As 1. Diameter :: ! ; Periphery .. Area. 


Example. The Diameter I4 Inches; - what is its Arca? Au- 80 
ſuer. 154 Inches. 7 

By Prab. 18. The Diameter being 14, the Periphery is 44 © © 
Inchotes _ DEANS Rule itis thus : 


As f 22“, 154 Inches the Area or Content W 
ro 
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Prob. XXI. By the Periphery to find the Area. 

rhe Rule, J. Find the Diameter by Prob. 19. And then, 
= K*,e J 2. The Area is found by Prob. 20. 
Example. The Periphery 22 Feet: What is the Area? 
re 2 4. Feet 38.5 Tenths. : 

The Periphery 22 Inches, the Diameter is 7 Inches by 

Prob. 19. 

; And by Prob. 20, it is thus, As 1.. 3.5:: 11. Inches 38.5, 
c- AY the Area required. 
he Note, The Area is of the fame Name with the Dimenſions 

JJ tiken: That is, if the Diameter and Periphery be Inches, 
3% feet, or Yards, &c. then the Area is Inches, Feet, or Yards, 
. WS 6c. | 
rob. XXII. Zo reduce the Area or Content of any thing found 
* in Inches, to Feet ; or to Gallons, Beer, or Vine. 
9. 1, Rule for Feet ; ſay, 144.. 1 :: Area in Inches. . Area in Feet. 
5 2. Rule for CE 282  4adts Tock Beer 

Cans And 25 I:: Area m Inc 1 7 

This needs no Example; and to avoid the int Rule, take 
the Dimenſions in Foot-meaſure that is, 12 Inches or a Foot 
dvided Decimally : That is, into 100 equal Parts, called the 
Line F Foot-meaſure. 

Prob. XXIII. The Diameter, or Periphery of a Circle given, 

ts find the fide of the inſcribd ſquare, or the Chord of go deg. 

The Rule. As 1. — mr : 22 J Penph. $-.Sideof the inſcrib- 
22 Periph. 

ed Square, or Chord of god. required. 

Example. The Diameter of a Circle being Feet 34 Tenths : 
What is the Side of the inſcribed Square, or the Chord of 90 
degrees? Anſw. Feet. 2.4038 parts of 100. 

For; AS 1 0. 707 :: 3.4 2.4038 the Chord of go deg. or 
dide of the inſcribed Square, 


Gallons. 


Prob. XXIV. The Baſe and Perpendicular of a Triangle given; 
9 "a to find the Area. 
The Rule. As 1*+7 Baſe :: perpendicular · Area required. 
Exam. The Baſe 16 Inches, and the Perpendicular 12 In- 
ches: I demand the Area? Anſw. 96 Inches. 
For; As I**8:: 12** 96 the Area required. 


Prob. XXV. The Length and Breadth of a Parallelagran: 
given; to find it's Area. | 2 
Definition. 1, A Quadrangle hath four Angles, and four 
vices as ABCD; and is either a Parallelogram or a Trapezia. 
Hate. 1. Fig. 23. 
B 3 2. A 
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2. A Parallelogram hath its oppoſite Sides Parallel and e- 
pual as ABCD; and is either a Square, a long Square, a 
Rhombus, or Rhomboide ; the firſt two are Rectangle Paral. 
lelograms, the latter are Obliquangled Parallelograms. A 

3. A Square hath four equal Sides, and four equal Angles; 
as ABCD. Fig. 23. | 


4. A Long Square, hath but two Sides equal, and four equal 
Angles ; as EFGH, Fig. 24. 77 
5. A Rombus, hath four equal Sides, and but two oppoſite® 
Angles equal; as IKLM. Fig. 25. I 

A Rhomboides, hath only two oppoſite Sides, and two op 
poſite Angles equal, as NOPQ. Fig. 26. 4 
Note, The Breadth of the two laſt is not IM nor NQ, bug 
the Perpendicular MN, and QR, and to meaſure all Paral* 
lelograms, obſerve this General Rule. 2 
As 1 Breadth :: Length «+ Area required. F 
Examp. 1. A Square whoſe Length AB, and Breadth BG, 
each is Feet 2. 5 Tenths: What is the Area? Anſ. Feet 6. 25 
parts of 100. For, as 1. 2. 5. :: 2. 5 „6. 25. Area, Fig. 23. 
Examp. 2. A long Square, whoſe Length EF, is Feet 2. 5@ 
and Breadth FG is Feet 1. Q: What is the Area? Anſw. 4 Feet 
For, AS1*'1,6:; 2, 5 4 Fest Area. Plate 1. Fig. 4. 
Examp. 3. A Rhombus whoſe Length IK is Feet 2. 5, and? 
Breadth MN Feet 1.6: What is the Area? of Feet 4. 
Plate 1. Fig. 28 
For; As 1 +1,6:: 2:5** 4 Area required. I 
Exam. 4 A Rhomboides whoſe Length NO is Feet 25, and 
Breadth QM Feet 12. What is its Area? Anſwv. 300. Tl 
For, As 112. :: 25. 300 Area required. Plate 1. Fig. 26, 
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Prob. XXVI. The Diagonal and two Perpendicular of a Tra, 
pezia given; to find its Area, 1 

Dfienition1. A Trapezia, hath its oppoſite Sides and its op © 1 
poſite Angles equal: As ABCD. Plate 1. Fig. 27. "= 
2. The Diagonal, is a Line drawn from its oppoſite Angle 
3. The two Perpendiculars, are let fall from the Angles t 
the Diagonal, as BE, DF. k = 
"he Area of a Trapezia, is found by this Rule. = 

As 1 + Diagonal :: Sum of the Perpendiculars + Area req 
 Examp. The Diagonal AC 28 Feet; the Perpendicular B 1 
15 Feet, and DF 12 Feet: What is its Area? Anſw. 378 Fee, 
For, as 114: 27+ 378 Feet the Area required. Plate WH 
Pg. 27s CEE os 1 
Prod 
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Prob. XXVII. The Length and Breadth of an E'lipſis callea 
an Oval given, to find the Area. 


Tht Rule, , 
As 1 Breadth :: Length 4th Number: then ſay again. 


As 1 71 85 9.75 539 5 ::4th Number Area required. 
Exam. The Tranſverſe Diameter of an Ellipſis 12 Feet, and 
Conjugate Diameterꝭ Feet. What's the Area? Anſw. 75 ,3 Feet. 


For, as 18 :: 12 96 the Fourth Number. 
Then as 14 11 ;: 9675. 4. the Area required. 
Prob. XXVIII. To find the Area of a Parabola. 
The Rule. As 1 ++ Axe:: Double Ordinate 4th Number; 
Then ſay again, as 3**2::4th Number ; Area required. 
Examp. The Axe of a Parabola 9 Feet, and the Double 
Ordinate 8 Feet, What's the Area? An/w. 48 Feet. 
For; —As 1 9:: 8 72 the 4th Number. 
And then ;——As 3 2:: 72-448 Feet the Area required. 


Sect. IV. Of Solids, the third kind of Magnitude, 


Efinition, A Solid, hath Length, Breadth and Depth; 

and if bounded by one Boxes, er is either a Sphere, or 

a Spheriod ; but bounded by more than one Superficies is ei: 

ther a Priſm, a Pyramid, a Priſmoid, or a Pyramidoid; or 
compounded of the laſt, called a Spinale. 


Prob. XXIX. The Diameter of a Sphere given, to find the 
* Solid Content. | 


Definition. A Sphere or Globe, is a round Solid, whoſe 
Length, Breadth and Depth, is alike and equal ; being made 
by the Rotation, or moving of a Semi-Cirele abouts its Dia- 
meter; whoſe Solid Content is found by this Rule. 


As 3 1 : 7 3 = 99 : : Cube of Diam ** Cont. required. 
Example, A Sphere whoſe Diameter is Feet 2. 42 Parts, 
what's the Solid Content? Anſw. Feet 7. 43 Parts of 100. 


For; — As I* 2. 42:: 2. 42. 5. 86:: 5. 86.1 4. 17 the Cube 
F the Diameter; then, Feet. 


As} 5 5 > 3 if 4 : 1:14.17. 43 the Content required. 
In ſuch Caſes as this, the readieſt Way is to extend the 


Compaſſes from the firſt Term to the third Term; and that 
being turned over three Times from the ſecond Term will 


reach the Thing required. 
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As here, the Extent from 1 to the Diameter 2.42 turned 
three Times from 0.524, Oc. reacheth to Feet 7.43 Parts of 
I oo, the Content required, For it's thus; 

I ** 2.42 :: O. 524 1.27 :: 1.27 ** 3.07 :: JO7 7.43 that is, 

The Extent from I to 2.42 (on the Line of Numbers) will 
reach from o. 524 to 1.27 ; and the fame Extent will reach 
from 1.27 to 3.07 ; and the ſame Extent from 3.07 reacheth 
to Feet 7.43 Parts of Loo. | 
Prob, XXX. The Diameter of a Spherion given, to f ind the 
Solid Content. 
 - _ Definition, A Spheriod is an Oval Solid, Longer than it is 
| 3 Broad or Deep; being made by the Rotation of a Semi-Ellipfic 

[1 about its Diameter; the Solid Content is found by this. 
| Rule As 1 : Square of Depth :: Length ++ a 4th Numb. then ſay, 
As : 1 5 — 7 Je 4 8 * ath Number . Content required. 
| Ka A Spheriod whoſe = 
Length or Traniverie X 7.2 
Depth or Conjugate Diameter is Inches 4.7 Teni hs. 
What's the Sylid Content? Anſw. Inches 63.4 Menths. 
For it's, As I.. Square 4. I:: 7. 2. 121; here the Extent 
from 1 to 4. 11s turned twice from 7. 2, and it reacheth 121. 


Then ſay, ; 
As © ? n ; 11. ., ches 63. 4 Tents, the 
| T4 e Content required. 
Or thus; as 1 4.1 :: 0. 524 215 :: 215% 8. 81; 
That 1s, the Extent on the Line of Numbers from I to 4. 1 
- will reach from 0.524 to 2.15; and the ſame Extent from 
2.15 8.81 Parts of Ioo. 
Then; as 1 8.81, :: 7.2 63.4; That is, the Extent from 
1. to 8.81, will reach from 7.2 to Inches 63.4 Tenths of an 
inch, the Content required. | 


Prob. XXXI. The Dimenfims of a Priſm given; to find the 
Solid Content. 

Definition. 1. A Priſm, is a ſtrait Solid, whoſe two Baſes 
or Ends, are equal, parallel, alike, and alike fituatc. 

2. A Priſm, takes its Sir- Name from its Baſs; as a RO] 
Priſm, a Triangular, a Quadrangelar, or a Multangular Priſm, 
all are meaſured by this one General Rule, 

As 1% Areaof one Boſe :: Length Solid Content. 

Examp. I. A Round Priſin called by ſome a Cylinder, whoſe 
Diameter at each End is M4 nh 
And Length is - 1 87 00 

What's the S%dd Content? Anſqu. 10392 Inches. 
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A lind er's two Baſes are two equal Circles, and therefore 
the Area of its Baſe is found by Prob. 20 to be Inches 346.4 
Tenths : Then it is, | 

As 1. . 346. 4::30**10392 Inches, Content required. 

Examp. 2. An Elliptick Priſm, whoſe Baſes being equal El- 
lipſes, their 

Tranſverſe 2 7; ter is Inches 3 

Conjugate . 

And Length of the Solid is Inches 30. 

What's the Solid Centent ? Anſ. Inches 2262. 

For it's Baſe being an Ellipſis, the Area by Prob. 27. is 75.4. 
Inches, and then it is, 

As 175. 4:: 30. 2262 Inches the Solid Content required. 


Examp. 3. A Triangular Priſm, whoſe Baſes are two equal 
Triangles, in each of which 


Baſe 16. 
The 3 a van Is Inches ; PTE 
And the Length of the Solid is Inches 20. 
What's the Solid Content? Anu. Inches 1920. 


= it's 
As 1196: :20..1920 Inches, Solid Content required. 
Examp. 4. A Cube (which is Quadrangle Priſm, of equal 
Length, Breadth and Depth, being eloathed with ſix equal 
Squares) whole Sides is Inches 12; what's the Solid Content:? 
Anſw. Inches 1728, 
For as one** Square of 12:: 121728: That is, the extent 
tom 1 to 12 turned over two Times from 12, reacheth to 
Inches 1728 the Solid Content required. 
Examp. 5. Parallelepepidon, or a Quadrangle Priſm, whoſe 
Baſes are two equal Squares of each one, | 
3 AM bis Feet 3 2 57 Parts of 100 
What's the Solid Content? Anſu. Feet 33. 9, Tenths. 
For; As 1**Square of 1. 25:: 21. 75. . Feet 33.9, that is, 
the Extent from 1 to 1. 25, being turned two times from 21. 
15 will reach to Feet 33.9 the Solid Content required. 
Examp. 6. A Parall 
whoſe Baſes are two equal long Squares, in each, 
Breadth is 1.6 
The a 
Depth is — 2.5 
The Length of the Solid 15. 
What's the Solid Content? Auſw. Feet 62. 
For it is As 1**1.6::2.5**4 Area of the Baſe. 


Then; as 14:15. 562 Feet, Solid Content required. 


In 


The Area of the Baſe (by Prob. 24) is 96 Inches: and then 


elepepidon, or a Quadrangle Priſm, 
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In the like Manner may the Solid Content of any Priſm be 
found, let its Baſe be of what Form ſoever; for its Area ma 
be found by Problem 20, 21, 22, 23, 24, 25, 26, or 27, ang 
the Solid Content of the Priſm, by the General Rule in the 
Prob. 31. | 1 
Prob, XXII. re Demneſions of a Pyramid given; to fn th, 
the 90 Content. Fr * find -| 


Definition 1. A Pyramid is a ſtrait Solid, having one Baſe, © || ſo 
and at t' other End a Punct, called the Vertex. 'E 

2. A Pyramid takes its Sir-name from its Baſe ; as a Round, 
an Elliptick, a Triangular, a Quadrangular, or a Multangular® Pu 
Pyramid ; all are meaſured by this one General Rule, : 

As 3.. Area Baſe :: Length Solid Content. I 

Note, By Length underſtand a Perpendicular from the Vertex 
to the haſt and not the Length of the Pyramid on its outfide® 
from Vertex to Baſe. : 

Examp. A Round Pyramid, called by fome a Cone, whoſe ® 


Diameter at Baſe- - 21 ] 
Perpendicular at Length - 30 es 
What's the Solid Content; Anſw. 3465 Inches. 5 
For the Area of the Baſe is Inches 346 \,, by Prob. 20. I ut 
And . TK 
Then; as 3** 346-5::30**3465 Inches, which is the Sid Ex. 


Content required. ; 
The like do for any other Pyramid, which J paſs over, 
N given fix Examples in a Priſm, and leave you to apply © ! 
em here. | 4 


Prob. XXXIII. The Dementions of a Priſmoid given, to find ; 
its Solid Content. : 


Definition 1 A Prifmoid is a Strait Solid having two unequal #4 
Baſes or Ends, but are parallel, like, and alike ſituate. 7 
2 A Priſmoid, is as various as a Priſm, and is no othen than 
the Fruſtum of a Pyramid. | ' 
3 Fruſtum of a Pyramid, is the lower Part of it, when the 
upper Part is cut off parallel to the Baſe ; and all of them may 
be meaſured by this General Rule. 7 
I Multiply the Area of each Baſe together, and from the 
Product extract the Square Root. 1 
2 Add the Area if each Baſe, and that Square Root into one 
Sum; then, 2 
3 Say, As 3** that Sum :: Length Solid Content. But 1 
/ / ur 2 
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But for a Square Priſmoid, take this particular Rule. 

1 to the Square of each Side, add the Product of the Sides 
into one Sum ; Then, J 

Say, as 3 that Sum :: Length Solid Content. 
| And for a RoundPriſmoid, this is the Rule. 

1 Add the Square of each Diameter, and the Product of 
the Diameters into one Sum; and then, 

2 Say, As 3.82.. that Sum:: Length..Solid Content. 

Or more largly thus: As 3.8197, is to the foreſaid Sum, 
ſo is the Length of the Solid Content. | 

Examp, 1. A Square Priſmoid (or the Fruſtum of a Square 
Puramid) whoſe | 9 5 


1 { Side is Inches 25 


Perpendicular Length 60 Inches. 
What's the Solid Content; Auſw. 8820 Inches, 


I5 I5 2.25 Square 
For as 1 4 9+::4 9+>..4 0.81 Square 
9 15 1. 35 Product 


] Sum of the two Squares and Product is 441 Inches. 
I Then, as 3.441 :: 60 8820, Solid Inches required. 


I Examp. 2. A Round Priſmoid (or the Fruſtum of a Cone) uheſe 


2 _ : Diameter is Feet 2. Ten 
Penperdicular Length 6.0 Feet 


What's the Solid Content; Arnſw, 69. 25 Parts of 100. 
1. 5 1.5 2.25 Square 
For, as 30.9 :: 40.9 .. 3 0.81 Square 
0.9 1.350 (1.35 Product 


Sum of the two Squares and Product 4. 41 Inches : 
Then As 3.82** 441 :: 60˙·69. 25, Solid Inches required. 


Example 3 An Elliptick Priſmoid, or the Fruſtum of an 
Elliptick Cone, whoſe 5 


Greateſt Diameter at Top, Inches, 7. 5 

Leaſt Diameter at Top —— 5 

Greateſt Diameter at Bottom —— 8.7 Tenths 1 

Leaſt Diameter at Bottom ——— 5.8 FN 

Perpendicular Length —————D—47.0 "18 
bs | | What's "145-4 
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What's the Solid Content? Auſv. 1617 Inches. For, 8. 
As 1 $5: ? yo 1.55 E Top Long - ſquare. 
5.8 5 28.75 250. 46 Area at Bottom. And, 

As 1. . 375: 50. 46 1892.25 whoſe Square Root is — 43.5 in 

Area at Top 2 


7. 
Area at Bottom — 42 A ? 
„ Sum is — 131.46 
Then: as 3,82 131 ·46:: 47 .. 1617 Solid Content in Inches 
required. BY 


If the Baſes of the foreſaid Priſmoid had been Long Squares 
the Work is the fame, except only in the laſt Proportion! and 
having the ſame Dimenſions, its Solid Content is Inches 2060, 
very near; for it is thus; 

As 3**131.46:: 47** 2059.5 Inches Solid Content. on 
Prob. XXXIV. The Dimenſwns of a Pyramidoid given; to find 

it's Solid Content. 


Definition. 1. A Pyramidbid is not a ſtrait Solid, it hath one 
Baſe, and at t'other End a Punc called the Vertex; but the 
out- ſide from Baſe to Vertex, is Convex, either Spheroidical, 
Parabolical, or Hypetbolical, &c. 

2. A Pyramido:d, takes its Sir-name from its Baſe and out- 
fide; as a Spheriodical, Parabolical, or Hyperbolical Round 
 Pyramidoid ; and fo of thereſt, as in a Pyramid; all may be 
meaſured by this one General Rule, 

As 1.5 Area of the Bafe :: Length *- Solid Content, when 
a Spheriodical Pyramidoid ; but if 


P arabokea { the fiſt Term is ; 25 


ſo 
de 


„C. + WT ROT, 


Hyperbolical 24. 
Examp. 4 Round Pyramidoid, called by ſome a Conoid, wheſe 


Diameter at the Bafe———— 217 fach 
Perpendicular Length — lf TE 
 (C Spheriodical? C 6930. =Y $5 
What's the Solid Content ifo Parabo/cul? > 4ifw.4 5197.5 WY 5: 
Hyperboiical? Y 4331.2 -4 


The Area of the Baſe is Inches 146. 5 Tenths, by Prob. 20. 4 
And then 'tis 8 (c 


1.5 C5930. Spheriodical * | 
As 2. 146.5 :: 30..4 5197.5 Parabolical & Cant in Inches 
2.4. 4331. 2Hyperbolical ) 1 
ore 
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More Examples I think here needleſs, having given ſo many 
in a Priſm, and the Rule for this and that being ſo like 


4 Prob. XXXV. The Dimenſions of the Fruſtum of a Parabdlical 
Pyramidoid given, to find the Solid Content. 


Definition, ran, is the lower Part of a Pyramidoid, cut 
parallel to its Bale. | 


AGeneral Rule. 


This is the ſame with the General Rule for a Priſmoid, fave 
only in che third Precept. which in this Caſe is thus 

As 2..that Sum :: Length Solid Content required. 

But for the Fruſtum of a Square Parabolical Pyramidoid, 


take tris P ticular Rule. 4 
1. : the Square of the greateſt Side, add the Square of the 
leaft hae mio one Sum; Then, | 


2. Say, As 2 that Sum :: Length Solid Content required; 
And for à Round Fruſtum, that is Parabolical, the Rule is; 
i. Ald the Square of each Diamiter into one Sum; then 
2. Say, as 2. 546** that Sum :: Length ** Solid Content. 
Cap re largly thus; as 2.54649, is to the aforeſaid Sum; 
ſo js th Length to the Solid Content. | 
Exa:p. 1. The Fruſtum of a Square Parabolical Pyrami- 
duid, whoſe 
Side at Top —— Inches 4 
Side at Bottom — 6 
Perpendicual Length fſæñ—ĩ 48 
What's che Solid Content? nſw. 1824 Inches 
For; As 1 4: 4 16 the Square at Top 
As 16:6 36 the Square at Bottom 
As 1 4::0** 2 the Product of the two Sides. 


. Son of the two Squa es 76 Inches, and, the Product of the two 
8. 
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hen (ch; as 276: 48 1824 Inches, the Solid Content. 
Fam, 2 The Fivſtim of a Round Parabolic Pyramidoid, 
(oi Pruſtun, a 1 arabolic C mid) whole 


„ia neie at Bottom 42 
Name OED ——— - 6 > Inches 


Wha. s its Gd . ateut? nſw. 1433 Inches. 
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For; as 1 :: 4**16 the Square at Top. 
| [as I **6:: 6** 36 the Square at Bottom. 
as 1 4:: 6 24 the Product of both Diameters. 


Sum of the two Squares 76 Inches, the Product of both Diam. 
Then ſay; As 2. 546 76: : 48 · 1433 Inches the Solid Content. 


Sect-· V. The Application of the whole, in meaſuring Board, Glaſs, 
Plaſtering, Painting, Paving, and Land ; Timber and Stone; 
Gauging of Caſk, and a Ship's Hold: 


1 JD Board or Plank, Glaſs, and flat Stone, are meaſured by 
the Foot Square. or Superficial Feet,containing 144 Square 
Inches, or 12 times 12: So that to know how many Square 
eet are contained in the Area, or Content of any Superficies 
-m taken in Inches, the Proportion is this. 
| As 1441 :: Content in Inches · Content in Feet. 


i But the eaſieſt way, is to have the Foot of 12 Inches divided : J it, at 
| | Decimally into 100 Parts, called Foot Meaſure ; and by ſucha fre 
* Foot to take the Dimentions of the Thing you would meaſure, I If 


or know the Content of in Feet. 1995 
Then conſider, if the Thing to be meaſured be a Circle, Tri- Ide 1 


1 angle, Square, Long-Square, &c. the Rules proper for ſuch a Is tai 
0 - Figure (in Sed. 3 of this Chapter) direct to find the Area. That I doub 
4 is 5 | ora 
If the thing to be meaſured be a Circle, then Prob. 20 or 4. 

21 ſheweth how to find its Area; if it's a Triangle, then Prob. | eng 


24 gives a Rule to find the Area; if a Parallelogram, Prob. 25 


ane 
eath e Rule to finds its Area, whether it be a Square, a Long- N. 
Square, a Rhombus, or Rhomboides ; now Floors and Ceilings Acre 


of Houſes are generally Square or Long- ſquares; alſo Boards, I mall 
Planks and flat Stones, (are commonly) Squares or Long- WR 
ſquares. If a Trapezia, then Prob. 26 ſheweth how to mea- 

ſure it; if it be an Ellipſis, Prob. 27 hath a Rule for its me- Wings 


_—_ ; and ſuch are Oval Tables. And if the Thing to be acre 
meaſured be a Parabola, then Prob. 28 ſheweth how to find its 
Area. _ -. 
2. Plaiſtering, Painting, and Paving, is meaſured by the 5 
Yard-ſquare containing Nine Square Feet; and therefore after WMYch, 
you have found the Content in Feet; the Proportion is this; AY. 
As 9**1:: Content in Feet; the Content in Yards. * As 
3 Timber is meaſured by the Cubic Foot, containing 1728 WA s, 
Solid Inches: And when the Content of any Solid Body is prop 


known in Cubic Inches to reduce them into Cubic Feet, 
Thich is the Timber, or Stone Foot, the Proportion is this. 


AS 
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As 1728 1 :: Cubical Inches ·· Solid Feet. 

But meaſuring the Dimenſions of a Solid, by the aforeſaid 
Decimal Feet, the Rules N for it (in Sec. 3. of this Chap. 
as a Sphere, Priſm. &c. Finds the Solid Content in Feet. 

That is, if it be a Sphere, then Prob. 29 hath a Rule to find 
its Solid Content, ſuch are Bullets, and Granadoes uſed in great 
Guns, Mortars, or Bombs. | | 

If a Spheriod, than Prob. 30ſheweth the meaſuring of it, and 
ſuchare Things in Shape like an Egg, whoſe Ends are equal. 

If a Priſm, then Prob. 31 directs its Meaſurement, and by 
it, all ſtrait Pieces of Timber or Stone, whoſe Ends are alike 

ud equal, are meaſured. 
If a Pyramid, then Prob, 32 ſhews the meaſuring of it, and 
A ſuch are Spire Steeples, and all ſtrait Solids ending in a Point 
a one End. | 
If a Priſmoid, then Prob. 33 direct its Meaſuring, and ſuch 
Iss all Taper Timber, whether Round, or Square. 
If a Pyramidoid, then Prob. 34 ſheweth the meaſuring of 
t, and ſuch is the half of all Caſks , if they were continued, 
from the Bung by the Head, till they end in a Point. 
If a HFuſtum of a Parabolical Pyramidoid, then Prob. 35 ſerves 
AIs meaſure it, and ſuch ate Cloſe Caſts, if cut in halves through 
te Bung, and parallel to each Head; fo that by this Problem 
Is taught the Way of finding the half Content of a Caſk ; whoſe 
double is the whole Solid Content. But a more particular Rule 
or a gauging Caſk, followeth in the next Problem. 
. Land is meaſured by the Rod or Pole, containing in 
Length, Feet 16. and a ſquare Rod is Feet 272; ; an Acre of 
Land containeth 160 ſquare Rods. | 
Nov the readieſt way to caſt up the Content of Land in 
Acres is to take the Dimenſions by a Four Pole Chain, Deci- 
JJ nally divided (that into an 100 Links) then the Rules (in Sea. 
Is of this Chap.) proper to the Form of it, (whether a Triangle, 
square, Long- ſquare, Rhombus, Rhomboides, or Trapezia) 
A inds the Content in the Square Chains; which are turned into 
Acres thus; | 
As Io”1 :: Square Chains . Acres. 
2 5: Gauging is by the Gallon, and that either Beer containing 
£2292 Cubical Inches, or Wine 231 : Then to reduce Cubical 
ches into Gallons of either Kind the Rule is; 
As met I:: Cubical Inches Gallons of | of 
do that the Dimenſions of any Solid Body taken in Inches, the 
roper Rules for that Body finds its Content in Inches, and 
e Rule above finds the Gallons of Beer or Mine it woes 
5 ro. 
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Prob. XXXVI. To _—_ a Caſh, _ as the middle Friſtum 
| : A Ju Eri0ods 


The Rule, Add twice the Square of a Bung-Diameter, and 
once the Square of the Head, into one Sum; then ſay, 
2. As 3.82* that Sum :: Length, Solid Content of the Caſk in 
Inches ; and then the Gallons of Beer or Wine are found by 
the following Rule. Or thus, K 
. Say, as 1 0. :: Difference of Head and Bung a Fourth 
Number. N | 

2. That 4th Number add to the Head Diameter the Sum is a 
mean Diameter; then ſay, 


As Fry ? Sg. Mean Diam. :: Length 3 _ 5 Gallons 


17.1 5 Wine 

Examp. A Caſk whoſe Bung Diameter is Inches 23 
Head Diameter- — ches 19.9 
Length of the Caſk —ſche 27.4 


. What's its Content in Beer, or Vine Gallons ? 

Anſw. Beer Gallons 36.99, or Wine Gallons 45.5 
As 1 O. 7:: 3.1 217, Which added to 19.9; makes the 
Mean A b to be 22.07. Then, CES 

18, ; - 1 8 cer 

As 3 : 121. Square 22.07: : 27-4 ws . Gallons 

That is; the Extent from the firſt Term to the ſecond. twice 
turned over from the third, gives the Gallons required. 


Prob. XXXVII To meaſure a Ship ; that is, to find her 
Tunnage. 


The Rule. 1. Say as I + Breadth :: Half- Breath Furth 
Number. 
2. Then; as 94*: 4th Number:: Length Tuns required. 
Examp. A Ship 75 Feet by the Keel, and 23 Feet by the 
Beam; what's her Tunnage? Anſiu. 211 Tuns 
For, as 1 23 ::11*5**264.5, the 4th Number. 
Then, as 94.. 264. 5:: 75. 211 Tuns required. 


8 To meaſure Bales or Caſes, ar to give the Tunnage A them ; 
they are Priſms, and their Dimenſions taken by the Deci- 

mal Foot; the Content in Cubical Feet is found by Prob. 31. 
And then ſay, 


As 66-1 ::Cubical Feet · Tuns required. 
Or thus, as 66+ Area Baſe :: Lenath Tuns required. 


Zæaniß. 
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B readth is —— Peet 4.2 
Examp* A Bale whoſe g Depth — NEAT 1 
Length . — 47 


What's the Content in Tuns? Anſw. 0.943 Parts. For 

As 1* 442 :: 2.6 109 Area of its Baſe. Then, 

As 6610,92 :; 5.7 ++ Tuns, 0.943 Parts required. 

Note, That 66 Feet is the Content of a Caſe that incloſeth 
two Engliſh Butts, ſo that this Rule excludes the Cantlings of 
the Caſk, which is better than; part; therefore allowiug for 
the Cantlings or Vacancy to be 26Feet, the remaining 40 Feet is 
to be counted for a Tun : And then, 

The Rule is, As 40+: Area Baſe:: Length + Tuns required. 

And then the foreſaid Bale contains Tun 1. 556 Parts. For, 

As 40 Area Baſe 10.92 :: Length 5.7 Tun 1.556 Parts. 


S8o much for Geometry ; Trigonometry is next in order to be 
learned. 


2 


Chap. II. Containing the Doctrine of Plain Tryaugles. 


Nigonometry, is that Part of Geometry which treats more 

particularly about the Meaſuring of Tryangles, wherein 
having three Things given ; either Sides, Angles, or both; a 
ath (Side or 1 may be found; and is either Plain or Sphe- 
rical; It's the former we begin with. 


dection I. Of Things neceſſary to be underſioud, relating fo 
Plain Tigonome ti y. 


l, „ is any Tyree- corner'd Figure; it conſiſteth of 
ſix Things, Three Sides and Three Angler, and is either 

Plain or Spherical. 5 
2. A plain Triangle is projected on à plain Superficies; and 
therefore it Sides are Right- Lines: But the Sides of a Spheric 
Triangle, are Arks of the Sphere, of which more in the Chap- 
ter of Spheric Trigonometry. + | 
3. An gh is the meeting of any two Lines, making 4 
Corner ; and is either a Right-Angle, containing juſt go deg. or 


Oblique, more than 90 deg. called an Cbtuſe- angle; or leſs than 
5 deg, called an Acute-angle. 


4. When 


p Pre 28 ä * —.———— ͥ—— mas —— 23244 . . ——— . ar * 
+ vg 
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4. When two Lines eroſſing one another, make the Angles ee 
on every Side equal, then thoſe Angles are Right and the Lines 
are Perpendicular. 7 
5. A Degree, is the 360th Part of the Periphery of any WI ix 
Circle; the 4th Part 90 is caled a Quadrant, and the half 186 . 
is a Semieircle. Alſo x Degree containeth 60 Min. and a Alin. ll ne 
60 Seconds, &c. as in Prob. 9. Define of Geometry, in Page 15, ll *: 
6. By Complement of any Degrees, underitand what thoſe Wl pc 
Degrees want of 90. 5 / | . 
7. A Triangle, is either Right-angled, having one Right. ae 
angle or Oblique, having no Right- angle. . 
8. In a Right- angle, Triangle, the Side oppoſite to the Right. WM 4 
angle, is called the Hypotenuſe, and the two Sides containing A he l 
the Right angle, are called Legs. | aus 
9. In all plain Triangles the Sum of the three Ang les added M 
together are equal to 180 Degrees. | ; bus 
| 10. The Angles (of a Plain Triangle) rer only given, the MI 
| Proportion of the Sides can only be determined ; therefore, 85 
# II. Ina Right-angle Triangle, two Things given (if one bea Ne 
| Side) are ſufficient to finda Third; But, - I 
5 12. In Oblique Triangles three Things and one of them a Side, A 
4 muſt be given to find a fourth. 4 80 
1 13. Three Letters ſignifies an Angle; as BAC ſignifies the An- Ol 
N. gle A; and two Letters a Side; as AB ſignifies the Side AB, &c. T 
4 14. Given Things, whether Sides or Angles, are marked with m. 
a Daſh, thus () and required things, with a Cypher thus, (o), Y g 
15. 3 afte: any Number ſignifies ee, : thus. Prob] 
25 d. is 25 Degrees, and Zim, is 31 Minutes. k 
. % Sine = 
S. Ce | Sine Complement or Co- Sine. Ex 
T. Tangent. | | _ 
4 T. c. I Tangent Comlement or Co-Tang. Th 
4 Sec. > ſtands for 4 Secant. | is 
1 SEC. c. Secant Complement, or Co-Secant. e 
Oo. Ar. Complement Arithmetical. ki 
ds 1 is to, or to the rs 
3: J \lois; as thus, 2+4::3+6. 1 
That is, As 2 is to 4, ſo is 3 to 6. | a 
16. There are ſeven Caſes in Right- angles Triangles, and ſix 


1 in Obligue. Their Solution follows; but firſt of Rig t. angle, 
1 | Triangles. | | | 
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gect II. The firſt Axiom, and the ſeven Caſes of plain Right. 
Angle Triangles depending thereon. 


Axiom I. 1. all plain Right- angle Triangles, if one of its Side; 
be made Radius, the other two will be cither 
tes, Tangents, or Secants, That is, 

1. If the Hypotenuſe be Radius, each Leg is the Sine of its 
polite Angle. See Plate 2. Fig. 1. for the firſt Axiom. 

2. If one Leg be Radius, the Hypotenuſe is Secant, and the 
ther Leg is Tangent of the Angle opplite to this Leg. See 
ſlate 2. Fig. for the firſt Axiom. | 

And what Proportion the Side made Radius, hath to Radius ; 
he fame hath the other Sides, to the Sines, Tangents, or Se- 
ants by them repreſented ; and the contrary. And, 
Nite, 1. To find a Side, any Side may be Radius, ſaying 
nus; | | 
As the Word on the Side given; is to the Side given ; 

Sois the Word on the Side required, to the Side required, 
Note, 2. To find an Angle, one of the given Sides muſt be 
Radius. Then ſay, | | | ; 

As one given Side, is to the Word on it. 

So is the other given Side, to the Word on it* 

Obſerve to begin with the Side made Radius. 

Theſe two Notes (to the diligent Reader) are ſufficient to 
tame any Propotion by the firſt Axiom, making any Side of 
Rig /t- angle Triangle the Radius. | 


Problem 1. Cale 1. The Angles and Hypotenuſe given, to fink 
either of the Legs. | 


Examp . in the Right Angle Triangle ABC Plate 2. Fig. 1. 
2 Hypot. AC 121 Leag. 2 3: ABZ. 
The ALLBAC 54d. 3 5 given Leg 180 | rcquirted. 
This Triangle is made by Prob. 10. of Geometry. 
f you make AC Radius, the Proportion (by Axiom 1. and 
ie 1.) is thus i | 
AS Radius, is to the Hypotenuſe A, ſo is the Sine of the 
22 BAC, to the Leg BG: Or thus briefly. 
Radius Hy pot. AG :: S. BAC «+ Leg BC. 


ſix | 121 Lag. 54d. zom. 
is | e 9.910686 Us 
2.082785 
_ Leag. 


11.993471 98.51 Parts. 
G 2 To 
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To work Proportions by Logarithms, obſerve this Je, 
General Rule. Add the Logarithm of the Second and Third pre 
Term together, and from that Sum ſubſtract the Logarithm 
of the firſt Term, the Remainder is the Logarithm of the 
fourth Term, or Number ſought. R 


As in the foregoing Proportion, the Sum of the Logarithms . 
of the ſecond and third Terms added together is 1 1. 993471 19 T] 
from which it is eaſy to ſubſtract the Logarithm of the fir. 7 
Term (being Radius) by concelling,cutting oit, or leaving out A » 
the firſt Figure to the Left-hand, and then it is 1 1. 9934) „xi. 
which brings forth 98.51 ; that is, Leagues 98.51 Parts of 100 A 
for the Leg. BC, the fourth Term or Side required. > t 

A 5.3. 
By Gunter's Scale thus, J. 


Radius AC :; S. BAC ++ BC. That is, | AN 
S. god.** 121, Leag. :: S. 54d. 30m.“ Leag. 98.5 Tenths. 
That is to ſay, the Extent from Sine 90d. (on the Lind 
«of Si net) to 121 Leagues or Miles (on the Line of Numbers) 
will reach from Sine 54d: 3om. (onthe ſame Sines( to Leagues 
or Miles 98.5 Tenths, (on the Line of Numbers) for the Le ] 
BC near as above. | _ 
Obſerve the like in all that follows, except in thoſe Pro- gd. 
5 wherein is the Word Secant, which is wrought only T. 
y the Logarithms. | I Ane 
The three ſeveral Proportions making each Side Radius, 10 line ( 


5 
8 =» 


find the Leg BC, are theſe which follow. Ti 
Radius ,. S. BAC | to fin 
Sec. BAG: T.BAC :: Hypotenuſe AC ++ Leg BC. S.] 
Sec. AGB Radius W T. 
Likewiſe to find the Leg AB, they are theſe following. Ra 
Radius S. ACB | ind 1 
Sec. BAC . Radius :: Hypontenuſe AC Leg AB. 8. 
Sec. AB T ACB © | : A yo 
Note. When Radius is noi the firſt Term in the Proportionghll Rat 
then take the Complement- Arithmetical of the Ig of th 
Frſt Term; which how to find is ſhewed in Chap. I. Pr Not 
fition 9. Of theUſe of the Table of Logarithms, Sines, Tangenſed th 
and Secants, This Comp Arith. or Co. Ar. add to the Liga rope 
of the Second and Third Terms, and from the Characteriſtic dM As 
their Sum ſubſtract 10 or 20, the remaining Figures is the T. 
garithm of the Fourth Term ſought ; as may be ſeen in t Th; 
following Proportion in Problem II. en 
enth 


Prob. 1 
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rob. II. Caſe 2. and 3. The Angles and one Leg given ; to find 


* 


the Hypotkenuſe, and the other Leg 


Examp. In the „ e Triangle ABC Plate 2 Fig. 2. 
Ang. ACB35d.ZomYP .  _$& Hyp.AC JPY 
The LE cot cnet given: 1127.45 required. 
This Triangle is made by Problem 12 of Ceometry. 
Make the Hypotenuſe AC Radius, and the Proportion (by 
J /xiom 1 and Note 1) is thus, 
As the Sine of the Angle BAC, is to the Leg. BC ſo is Radius 
Jo the Hypotenuſe AC. Or thus; | 
s. B8 AC Leg BC. :: Radius, Hypotenuſe AC. 
2 45d. ZOm- 98. Leg 


14 10.000c00 

4 1991226 

1 Co. Ar: 0.089314 

18 J MR - 628 

| 12,080540] 120 + 

e | 

o By Gunter's Scale thus; 
I $S:BAC -: Leg. BG : Radius Hypotenuſe AC. That is S. 


0% 54d. zom 98 Leag. :: S. 90d. ++ Leap. 120.4 Tenths. 
ily That is, the Extent frow Sine of 54d. 30m.(on the Line of 
ſes) to 98 Leagues (on the Line of Numbers) will reach from 
line Hod. to Leag. 120.4 Tenths the Hypotenuſe required. 

The Three ſeveral Proportions, making each Side Radius, 
s find the Hypotenuſe, are theſe following. 

S. BAC Radius 

T. BAC: Sec. BAG +> :: Leg BC Hypotenuſe AC. 
KRadius · Sec. ACB 

nd to find the Leg Ab, they are theſe; 

S8. BAC S. ACB 

T.BAC Radius :: Leg BC Leg. AB. 


Radius ** T. ACB * 
Note, In working by Gunter, when a Tangent is mention- 
Wl the Radius then is the Tangent of 45d. as in the two laſt 
Proportions it is, 

As T. BAC Radius :: Leg BC. Leg AB. Which is 
T. 54d. 3om. T. 45d. :: 98 Leg. Leg. 59.8. Tenths. 
That is the Extent from 54d. 3om. to 45d. (on the Line of 
langents) will reach from 98 Leagues, to Leagues 69. 8. 
tenths on the Line of Numbers, for the Leg AB. | 

As Radius + T.ACB :: Leg BC ++ Leg AB. which is 
T. 45d. T. 3 5d. 30m: :: 684 Leag. ** Leag 69. 8. Tenths, 

| C3 | That 


H 
O 
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That is, the Extent from J. 45d. to T. 3 5d. zom. willreach 
from 98 Leagues, to Leag. 69 8 Tenths, as before. A 


»=—4 
* 
| at th 


Prob. III. Caſe 4 and 5. Thi Hypotenuſe and one Leg given; be 
| to find the Angles and the other Leg. | 1 | 
Examp. In the Right Angle Triangle N 777 2. Fig. 3. 

0 Hyp. AC 121 | . CC ACBorBAC 3 
1 he $1.2 AB 695 Leagues grven : $5 Leg BC req. 3 
This Triangle is made by Prob. 11. of Geometry. wm. 
1 To find the Angles. = 
If you make the Hypotenuſe AC Radius, the Proportion (by | 
Axiom 1. and Note 2.) is thus ; 
As the Hypotenuſe AC is to Radius; ſo is the Leg AB, ty Ml * 
the Sine of the Angle ACB. Or thus; | An 
Hypot. AC Radins :: Leg AB S. ACB. do 
121 Leg. S. god. :: 69 Leag. ** 2 45m. Which = - 
ſubtract from god. oom. By 


Remainder is Angle BAC 
Section 1 of this Chapter in Page 35. 3 
And if the Leg AB is Radius, then the Proportion (by Axi:m MF Se 

1. and Note 2.) is thus” = 
As the Leg AB, is to the Radius; ſo is the Hypotenuſe AG 
to the Secant of the Angle BAC. Or thus, 2 
AB69Leag. ** Radius:: AC 121 Leag. Sec. BAC 55d. 15m. 
Note; This Proportion is not wrought on the Gunter be- 
cauſe of the Word Secant in the 4th Term; but being wrought 2 
by the Tables ” before directed) will produce the Angle BAG 
55d. 1 5m. as above; which ſubtracted from god. gives 34d. 45m. 


55d. 5m. by the 9th of | 


for the Angle ACB. as before. b, 
2. The Leg BC may be found by the iſt or 2d Caſe ſeveral th 
Ways: As thus, 83 
Radius A:: S. BG - 
S. ACB AB:: S. BAC N 
Ser. BAC AC:: T. BAC 
Radius AB:: T. BACT © BC Leagues 99.4 Tenths. an 
Sec. ACB AC:: Radius | 
T. ACB AB:: Radius JM 
Prob. IV. Cafe 6 and 7. The Legs given; to find the Angles and | 
Iypote miſe. | 
Examp. In the Right-angte Triangle ABC Plate 2. Fig. 4. 1 


The Leg. 5 AB98 } Leag. given. ; Angle BACor ACB reg 


'& I BC0g & Hypotenuſe AC 
This Triangle is made by Prob. 13. of Geometry. 115 
ok | 1. Make 


* 

J j 
2 

f 
7 


Seck. II. Plain Trigonometry Rectangular. 39 


1. Make the Leg AB Radius, and the Proportion (by Axiom 
1. and Note 2.) is thus; 

As the Leg AB, is to Radius; ſo is the LegBC, to the Tan- 
gent of the Angle BAC. Or thus, 

Leg AB. Leg. BC :: Radius T. BAC, 

g98Leag. ** 69. Leag. :: T. 45d. T. 35d. ogm. which 

Sub ſtract From od. oom 


The Remainder is 54d. 51m. for the Angle AC B, by 
Me 9th of Section 1. of this Chapter, in Page 35. 
And if the Leg BC is made Radius, the Proportion is thus; 
Leg BC. Leg AB :: Radius ++ 'T.ACB. 
69 Leag. +98 Leag. :: T. 45d. T.54d.51m. as before; 
Which being ſubtracted from 9o, leaveth 35d. om. for the 
Angle BAC. Either of theſe Proportions is ſufficient to find 
both Angles. 


2. The Hypotenuſe AC may be found by the 2d Caſe ſeveral 


Ways. 

Firſt, making the Hypotenuſe AC Radius ; thus, 

3 a> : Radius Hypotenuſe AC. 
Secondly, making the Leg AB Radius; thus, 

Radius "AB Þ.;: Sec. BAC + Hypotenuſe AC 

T.BAC-*BC$ Yu onen ö 
Thirdly, making the Leg BC Radius; thus, 

E 7 :: Sec. AC B Hypotenuſe AC. 

Theſe 6 Proportions, if the Learner works them, he'll 
find them all produce Leagues 119.8 for the Hypotenuſe AC. 

Note ; The 5th and 7th Caſes may be performed by the 47th 
Propoſition of the Fir/? Bookof Euclid's Elements, which proves 
the Square of the Hypotenuſe, is equal to the Sum of the 
Squares of the two Legs; therefore, 

1 By Natural Arithmetick, Extracting the Square Root ; the 
Rules are theſe. 70 

Firſt, In the th Caſe to find a Leg; when the Hypotenuſe 
and one Leg is given, thus, 

The Square Root of the Difference of the Squares of the Hypo- 
tenuſe and one Leg, is the other Leg. 

Secondly, In the 7th Caſe to find the Hypotenuſe, when both 
the Legs are given, thus, | 

The Square Root of \the Sum f theSquares of both Legs, is the Hy- 
patenuſe. | | 

2. By Logarithms in theſe two Rules following, 

Firſt Rule. When the Hypothenuſe and one Leg is given, to 
ind the other Leg, thus, C 4 Half 
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Half the Sum of the Logarithms, of the Sum and Difference 
of 1he Hypoteniye and given Leg; is the Logarithm the Leg re. 
quired. | | 
Second Rule. When both Legs are given, to find the Hy. 
potenuſe, it is thus, 
From the double Logarithm of the greater Leg, ſubtra& the Is. 


garithm of the leſſer Leg; the abſolute Number anſwering to it, , 
add to the leſſer Leg ; half the Sum of the Logarithms of that Sun, | 


and leſſer Leg, is the Logarithm of the Hypotenuſe required. 
Example, 1. The "pe AC 121 Leagues, and the Leg 
AB 69 Leagues: What is the Leg BC by the Square Rost; 


Hypetenuſe AC ——— And Leg AB———< F 
I21 09 q 
121 621 
242 4144 
121 — 
| Square of AB is 456i 
Square of AC i——— ———tx4641 | 
Square of AB is - 4701 
Diff. of the Square is——————-5880(99.39 is the Leg BC 
81 
89) 1780 
1701 
1983) 7900 
5949 
19869) 1951 
178821 
Remainder i — 16279 
Sy that the Leg BC is Leagues 99.39 Parts of 100 
| By Logarithms thus, 
The Hypotenuſe AC 121 Leagues 
The given Leg AB ———————069 Leagues 
Sum of AC and AB——————190 its Log. is 2.278754 | 
Difference of AC and AB— 52 it Log, is 1.71600} 
The Sum of the Logarithms i — 3.9947 | 
The half Sum of theſe Logarithms is 1.997279 


Whoſe abſolute Number is 99.39; that is, Leagues 99-39 
Parts of 109 is the Leg BC, the ſame as before aa 
| | | xample 


T 
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Examp. 2. The Leg AB is 98 Miles, and the Leg BC 69 
Miles given: What is the Hypotenuſe Ad? By the Square Root. 


The Leg AB— — 98. And Leg BC 69 
98 69 
784 621 
882 414 
Square of AB is —— — 9604 Square of BC is—. 4761 
Square of BC is —— — 4761 
dem of the Square is 14365(119.8that isi Leagues 
I 15 is the Hypotenuſe AC 
21 )43 
21 
22902205 
2061 
2388020400 
19104 
Remainder is | --1296 


— — 


By Logarithms, thus, 


The greater Leg AB 98, its Logarithm is — 1.991226 
Multiply its Logarithm by 18 — — —— — 2 
The Double Logarithm of the Leg AB is = 3-982452 


The leffer Leg BC 69 Miles, its Logarithm is —— 1.838849 
Abſolute Number 1 39.2 anſwering the Logarithm— 2.143603 
Sum is —— 208.2 its Logarithm 1s 2.318481 


The Sum of the two laſt Logarithms is —-4.1 57330 
The half is the Logarithm of AC 1193 required 2.078665 


Section III. Three other Axioms, with the Six Caſes of Obli- 
que Plain Triangles thereunto belonging. 


Axiom 2. IN all Plain Triangles, the Sides are in ſuch Pro- 


portion one to another, as are the Sines of their 
oppolite Angles. That is, f 
| TI, 3 


The leſſer Leg BC 69 Miles, its Logarithm is 1.838849 | 
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1. As the Sine of any one NMrgle, is to its oppoſite Side; ſy 


is the Sine of any other Angle to its oppoſite Side. 


2. As a Side, is to the Sine of its oppoſite Angle; ſo is x f 


Side, to the Sine of its 9 Angle. 
Nite; To find a Side, 
Angle, begin with a Side. 


From this Axiom are drawn the Proportions for the Firſt : 3 


Second, and Third Caſes following. 


Prob. V. Caſe 1. Of Obliquangles. Two Angles and one Side ' 


given; to find either of the other ſides. | 
Examp. In the Oblique Triangle BDC. Plate 2. Fig. 5. 


A le BDC 101 d. 25m. CD 
The "5 J CBD 44d. 4am. &given : Side 3 and req 
BC 76 Yards. BD 


This Triangle is made by Frob. 14. of Geometry. 


1. The Proportion according to the Second Axiom for find- 3 


ing CD, is this, 


As the Sine of the Angle BDC, is to the Side BC ; ſois the | 
Sine of the Angle CBD, to the required Side CD. Or thus; 


S. BDC Side BC :: S. CBD ++ Side CD required. 
S. 101 d. 25m. 76 Yards :: S. 44d. 4 2m. Yards. 54.5 Tenths. 
S. 1 80d. oom. 


8. 78d. 35m. 


Note; The Sine of Iold. 25m. is found by ſubtracting it f 
from 180d. according to Chapter I. Propoſition 8. Of the Uſes 1 


of the Tables of Logarithms, &c. 
2. To find the Side BD, the Proportion is, 
S. BDC ++ Side BC :: S. BCD + Side BD. 


S. Iold. 25m. 76 Yards :: S. 33d. 53m. ** Yds. 43-3 Tenths ö 


S. 180d. oom. 


S. 78d. 35m. 
Prob. VI. Caſe 2 and 3. Of Obliquangles. 


Two Sides, and one Angle oppoſite to one of them given; to find ; 


the other 1 Angle, and the Third Side. 


Note; The given Angle is Obtuſe, the Angle ſought is Acute. | 
ſite to the | 
leſſer given Side, then the required Angle is doubtful ; whe- | 


But when the given Angle is Acute, and oppo 


ther Acute or Obtuſe, and ought to be determined before the 
Operation. 
Example, 


egin with an Angle; but to find an : 
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Example, In the Oblique Triangle BCD. Plate. 2. Eg. 6. 

de $ BC106) yg Angle BDC Obtuſe, 
5 85 bb nad” given : and the req. 
Angle BCD 31d. 49m. Side CD 

This Triangle is made by Prob. 15 of Geometry. 
1. For the Angle BDC the Proportion is 

As the Side BD, is to the Sine of the Angle BCP: ſo is the 
Side BC, to the Sine of the required Angle BDC, Or thus, 
Side BDS. BCD :: Side BC S. BDC. | 
65 Yards ** S. 31d. 49m. :: 106 Yards S. 59d. 17m. which 

Subtract from 180d. oom. 
Remainder is the Angle BCD--1 20d. 43m. 

Note; The Proportion produceth 59d. 17m. for the required 
Angle: But being its Obtuſe, you muſt take its Supplement 
to 180d. viz. 1 20d. 43m. as above. 

2. Find the Third Angle by the gth of Section 1. of this 
Chapter, in page 35, then you may find CD by the Fit Caſe. 

This Caſe hath been omitted by moſt, the Reaſon (I ſup- 
poſe) is the doubtfulneſs of the required Angle ; but if deter- 
mined (before) to be either Acute or Obtuſe, the Third Side 


is limited, and then may be a Caſe as well as any other. 
And the Proportiog may be. 


S. BCD Side BD ::S. CBD ; Side CD. 
S. 31d. 49m. ** 65 Yards. :: S. 27d. 28m. Yds. 56.8 Tenths 
Or, | 
S. BDC ** Side BC :; S. CBD ++ Side CD. 


R ö 8. 120d. 43m... 106 Yds. :: S. 27d. 28m. + Yds. 56. 8 Tenths 
ss before. 


. all Plain Triangles; As the Sum of Two Sides, 
3* Lis to their Difference, ſo is the T angent of the 
s Half - Sum of their two oppoſite Angles, to the Tangent of 
che half Difference of the two unknown Angles. 
Add the half Difference of the Angles to their half Sum, 
finds the greateſt Angle; and ſubtract the half Difference 
from the half Sum, finds the leſſer Angle. 


Prob. VII. Caſe 4 and 5. Two Sides, and their contained Angle 
given ; to find either of the other Angles, and the third Side. 


Examp. In the Oblique Triangle BCD, Plate 2. Fig. 7. 


: BG 1 o BDC or 
Side 85 oF LEG: given : Angle J BCD and 2 


Angle CBD 101 d. 3om. Side CD 
This Triangle is made by Prob. 16. of Geometry. 


1. For 
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1. For the Angles BCD, and BDC, the Operation is 8 / 
Side 3 BC1log The three Angles---:----------- 180d. oom. n 
CBD 76 | Subtractthe given Angle CBD 101d. zom. 
Sum of S1des 185 Thety Sum is 78d. zom. te 
Their Differ-33 etwo oppolite Angles Sum is 30d. 15m. 
Then, As the Sum of the Sides BC and BD, is to their Dif. is 
ference, ſo is the Tangent of half the Sum of the Augles BoD 8 
and BDC, to the Tangent of half their Difference. Or thus, 
Sum BG& BD Diff. B& BD :: T.; Sum Angles T. Dif, MY tt 


185 Leagues ** 33 Leagues :: T. 39d. 1 5m. T. 18d. 17m. 00 

The half Diff. of the Angles -- 8d. 17m. 24 
Added is the greater Angle 47d. 32m-BDC 
Subtracted is the leſſer Angle 


2. The Proportion for the Side CD (by the Fir/? Caſe of 
Oblique Triangles) may be this: 4 
S. BCD Side BD :: S. CBD «+ Side CD. Sb 
S. 30d. 58m. 76 Leag. :; S. Io1d, 30m. Leag. 1.44. 5 tenths. 


S Fa the Half Sum of the three Sides, ſubſtract each I Su 
ah Side ) but firſt that S:de oppoſite to t he Angle re. 


quired, then the reſt) ſeverally, noting their Remainders. Then, the 
As the Product of the Half Sum of the Sides, and Firſt Re- Se 
mainder is to the Product of the other two Remainders; fo is S 


the Syuarc of Radius to the Square of the Tangent of half the 
Angle oppoſite to that Firſt Remainder. 4 


Dit 

Prob. VIII. Caſe 6. Three Sides given; to find an Angle. Ad. 
Example. In the Triangle BCD. Plate 2. Fig. 8. ul 
BC 10 5 W:15 (6 4 2 

The Side 4 BD 85 + Feet given: Angle 4 BCD required. Caf, 
CD 50 CBD = 7 

This Triangle is made by Prob. 1 7. of Geometry. 1 85 

The Operation for the Angle CBD is b Wh 


BD 85 | The firſt Remainder--70. c. ar. 8.1 54902 | 
CD 50 „ © 35. Logar. 1.544008 1 
Sum of Sides 240 THheotheraRemtarg. 15 Logar. 1.176001 WI et! 


Sum 18.7958 80 of tl 


BC 105 The half Sum Leag. 120. co. ar. 7. 920819 Ken 
Side 


? their Sum 120 


From Sum | 70 Tangent | 14d. 2m. - Sum 9.397949 Tha 
Subt. each fide C35 Doubled 14d. 02m. _ | 6-5 
there remains 5 Produceth 28d. 04m. for CBD required. 10 


This Axiom finds an Angle at one Operation, yet not being 


applicable to the Inſtrumental way of working Proportions, 
Re you 
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you have this fourth Axiom in other Terms; which finds an 
Angle at two Proportions, and may be wrought both Inſtru- 
mental and Logarithmetical. 

Auxi om 4. Uſeful, when three Sides of a Triangle are given; 
to find an Angle. 9 

As the longeſt Side, is to the Sum of the two ſhorteſt ; ſo 
is the Difference of the two ſhorteſt, to the Difference of the 
Segment of the Baſs or longeſt Side. 5 

Note; Let fall a Perpendicular (from the Angle oppoſite) to 
the longeſt Side, which divideth it into two Segments ; and the 


Oblique-Triangle into two Right- Angle-Triangles. 


As in the aforeſaid Triangle BCD. Plate 2. Fig. 8. 

Let fall the Perpendicular DA, which makes the Segments of 
the Baſe to be BA, and AC, and the two Right-Angle-Triangles 
BAD, and CAD, and the Difference of the Segments BE. 

I. Tofind BC the Difference of the Segments of the Baſe. 


3 | BD 85 Feet 
Shorteſt Sides CD 50 Feet 
Added, is the Sum of the two ſhorteſt Sides 135 Feet 
Subtracted is their Difference — 35 Feet 


Then as the Side BC, is to the Sum of BD and CD; ſo is 
the Difference of BD and CD, to BE the Difference of the 
Segment BA and AC. Or thus, 

Sd BC.-Son BD CD:: Diff. BD CD. BE the Diff. of Seg. 
105 Feet ** 135 :: 35 Feet ** 45 Feet 
The Side BC 105 Feet, 
Diff. Segment BE 45 Feet 


Added is 150 . 2 75 BA the greater 2 Seg- 

Subtracted is ede half is : ZO AC the leſſer ra. 
2. The Angles BCD or CBD, may be found by the 4th 

Caſe of Right-angle-Triangles ; Thus, REL 
Hypot. BD. Radius:: Leg AB. S. ADB. 

85 Feet ** S. god. :: 75 Feet + S. 61d. 54m. 

Which ſubtracted from ———god. oom. 

Remainder is the Angle CBD 28d. o6m. as before. 


Thus much for Plain Triangles ; and to compleat Trigonc- 
metry, Spherical ſhould be next. But I count the Application 
of this before the Dodrine of that, moſt conducible to the 
Learners Proficiency » Therefore will deſcend to the neceſſary 
Uſes of Plain T; rigonometry in Plain and Mercator's Sailing, 
which will make way for Spherical Trigongmetry. 


GHAP. 


2 (Golden Number I 
For the Year 17484 Cycle of the Sun is! 21 
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C H A P. III. Plain Trigonometry applied in Prob. 
lems of Sailing by the Plain Sea- Chart, commonly 
called Plain-Sailing. | 

ND that nothing may be wanting to the Accompliſhment 
of Navigation, I will begin with the Julian Kalendar, 
and then the Uſe of the Plain- Chart, before I apply Plain. 
Trigonometry to Plain-Sailing. 

Section I. The common Note of” the Julian Kalendar; to find 
the Prime, Epact, Dominical-Letter, Eaſter-Day, the 
Moon's Age, Southing, and time of High-water. 
Prob. I. To find the Colden Number, Cycle of the Sun, and 
. "ra win | | 
3 HE Golden Number, or Prime, is a Circular 
Definitions. 1. Revolution of 19 Years ; in which Space 
of time (it has been ſuppoſed) the Sun and Moon finiſh all 
their variety of Aſpects. 
2. The Cycle, or Circle of the Sun, maketh its Revolution 
in 28 Years ; in which time all the Variety of Dominical Let. 
ters, and Leap-Years expire, and the 29th Year the Circle be. 
ins again; which Number ſerves to find the Dominical Letter 
or any Year, paſt, preſent, or to come. 

3. Roman Judiction conſiſteth of 15 Years : for once in 15 
Years the Nations were to pay Tribute to the Romans ; a 
thing now out of Uſe with us. 
The Rule out of Mr. Street's Memorial Verſes on the Eccleſi- 

_ aſtical and Civil Kalendar. 
When 1, q, 3, to th? Year hath added been; 
Divide by 19, 28, 15. 0 
Examp. I would know the Golden Number, Cycle of the 
Sun and Roman Indiction for the Year 1748, being Biſſextile or 
Leap-Year. . 


The Operation. 
The Vear I 748 ————1748——1 748 
Added — 1 Qy— 3 
Sum is 1749 . 177 —.1751 
19)—— 092 28) ——62 I 5)----(110 
39 NA! 101 
(1) (a) (11) 


Roman Indiction 


1 


b. 


gect. I. Julian Kalendar. 47 


Prob. II. To find the Epact for any Year. 

Definition. The Epact is 11 Days, the Year of the Moon 
lacketh of the Sun's Year: The Lunar being 354 Days, and 
the Solar-Year 365 Days. | 

Note; The Epa& never exceedeth 29, and alters eve 
Year 11, and is uſed to find the Mocn's Age and Eaſter-Day. 

Alſo Note, The Prime changeth the Fir/? of Zanuary, but 
the Epacł the Firſt of March. The Rule is, 

1. Find the Golden Number by Prob. 1. 

2. Divide the Golden Number by 3, and note the Remainder. 

3. Multiply the Remainder by 10, and note the Product. 

4. To that Product add the Golden Number; the Sum (if it 
exceeds not 30) is the Epact; but if it doth, ſubſtract 30 
therefrom, and the Remainder is the Epact. 

Examp. For the Year 1748 : I demand the Epact, the Gol- 


den Number as before found? viz. to 1748. 
Add - - I 


19)1749(92 
* 


I 

Golden Number for 1748, which divide by 3 ; for each one 
left add 10; 3o reject: the Prime makes Epact then. | 

BY no Divilion can be made here to the Golden Number 1 
A — — IO 

The Sum then is the Epact — — — 11 
For the Year of our Lord 1748, being Leap-Year. 

Prob. III. To find when it ſhall be Leap-Year. 

Definition Leap-Year is every fourth Year, and ſo called 
from its Leaping a Day more that Year than in a common 
Year; for in the common Year any fixed Day of a Month 
changeth ſucceſſively the Day of the Week ; but in the Leap- 
Tear, it skips or leaps over one Day. xy. 

Note , The Common Year hath 305 Days in it, but Leap-Year 
306, and then February hath 29 Days, which in Common Years 
hath but 28 Days. | 

Example. The Lear 748, Quere, is it Common or Leap Year 


4)1748(437 
I 


Therefore 


— 
— — Pont a 
1 * — 
« * — 
— „ — <> h — ” i 3 


£ — —— 
** ip Sv « 1 
4 —— 5 2 = _— — 
— — — * 9 N * — 
43 n 1 


T 
Bm rang 


£4 Pa, on 


— * ” _— 


4 
— 


m — — K ‚— ⏑ ESD 


29, in muſt be ſubſtracted from 77, that fo the Limit may 

remain. And the next following Sunday after the Limit is . £ 

always Eaſter-Sunday. Therefore Sunday the 1oth of April, inc 

is Eaſter-Sunday. 7 
= Example, 
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[ Therefore 1748, is Biſſextile or Leap-Year. Ex 
The Rule. Divide the Year by 4, what's left ſhall be, 
; For Leap-Year o, for paſt 1, 2, or 3. 
| | I 
Prob. IV. To find the Dominical Letter for any Year. , 
A1i,B2, C3, 4, E 5, F 6, G7, = 
Definition 1. The Week Days in Kalendars or Almanac N 
are expreſſed by the firſt ſeven Letters of the Alphabet, and 
one of them is a Dominical Letter. 
2. Dominical Letter, or Lord's Day Letter, is that which 
ſtands for it, commonly called Sunday. SB 
The Rule. Divide the Year, its 4th, and 4 by 7; or! 
What's left ſubſtract from 7 ; the Letter's given. 1 
Note 1. When it's Leap-Year there are two Dominical- Let. 60 
ters; one ſerves to the 25th of February, the other from 
thence to the Year's End. = 7 
2. The Dominical- Letter goeth backward in a Common-Yeay 2 
one Letter, but in Leap-Year two Letters. = 
3. The Leap-Year having two Dominical-Letters, it's the \ 
latter of them that this Rule finds. 
Examp. For the Year 1748; I demand the Domznical- Letter, | 
De Operation. g 
The Year (by Prob. 3) is a Leap Year — 1748 
Its 4 Part is . _= — — 437 Do 
Toit add — X X — 4 To 
| The Sum is — = 2189 rh 
14 | 7)2189(312 Quotient, and Remainder is 5; which 5 | 
oY 21 ſubſtract from 7, remains 2 for the Do- Wt 
W 5) minical Letter; which is, B; but the Wie: 
1 Year 1748 being Leap Year hath two WI 
05 Letters which the other foregoing is C. ler 
14 from the iſt. of January, to the iſt. of NV 
I'S March, C takes place in Leap-Year. 
| Prob. V. By the 19 Epacte, to find Eaſter- Limit from the Be-. | 
4 . ginning of March incluſively. ſfox 
TH Anno 1748. The Epact being 11, I ſubſtract it from 47. the re- 
ol | mainder 36. 1s Eaſter- Limit Anno 1748. that is April the 5th. De; 
uy reckoned from the beginning of March incluſively, the Sum- 
I day following is Eaſter-day. But when the Epad? is 28 or 


— 
— 
— . 


dun- 


8 or 
may 


Nl, 


ple, 
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Example. I demand as ate", by the Epact for the Year 
7 The Operations 
Epact —— 11 
W hich ſubſtract from —47 


The Remainder 30 is Eaſter.- Limit from the i ſt of 
March, which is, the 5th Day of April for the Year 1748. 


Preb. VI. To find Eaſter -Day for any Year. 


Definition. Eaſter-Day, is next Sunday after Faſter- Limit, 
or the 14th Day of the Paſchal New- Mon. 

Note, Eaſter-Day is not leſs than 22 Days, nor more than 
< Days from the iſt of March. 


The Rule, 1. Find the Dominical Letter by Prob. 4. 
2 And Eaſter- Limit by the laſt Problem. 
3 The Letter more by 4 from Limit take; 
What's left from neareſt 7 ſhall Eaſter make. 
Examp. For the Year 1748, I demand Eaſter-Day s 


The Operation. 


Dominical Letter (by Prob. 4 is CB) of B —— ——— 2 
Toit add ————— eee | — 4 
The Sum is — — dnt a 


1 3 6 
Which ſubſtract from Eaſter- limit (found by Prob. 8.) 5 30 


Remainder is — | 30 
Which ſubtract from neareſt 7s | — — 34 
Remainder is — . — 5 
Which added to Eaſter-Limit, — — 36 

That is 41 Days from the iſt of March, 41 
om which deducting ——<J— — — 3 


Days, leaves Eaſter-Sundcy Anno 1748, on April the Loth. 
Prob. VII. Ts find the Moon's Age. 


Definition. The Moon's Age is how many Days are paſt. 


Ince the Day of her Change, which Age never exceeds3o Days. 
The Rule, 1. Find the pany Prob. 2. 2 + 
| | | 3. To 


A 
U 


„ KK — AO 


2 Us „ % 


— — — — 


—— — . 


E . rr 
2 — 1 
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2 To the Epact add the Day of the Month, and the Num- 18. 
ber of the Month; the Sum, if it exceeds not 30, is her Age; ; 
but if it doth, ſubtract 30 ſo oft as you can, and the Remain. | 


der is her Age. 
Note, The Number of the Months are theſe, 


1 , es „March, * May, June, 

I, - 4, 

55 5 Auiu, urge, Oeinber, * December, k 
10, 

Examp« The 20th of May 1 748, I demand the Moon” 8 Age! | 


The Operation. 


The Epact (by Prob. 2) for the Year 1748 i 11 
Month 07 the Year Auguſt we. 


The Day of the Month Auguſt - 22 
The Sum is — — 39 Days 
Which being more than 30 by — — 9 Days 


is the Moon's Age required. 
Prob. VIII. 7o find the Moon's Southing. 


Definition. The Moon”s Southing , i is the time of her comingto 
or upon the Meridian; which from the New Moon to her Full, 
is after Noon, but from the Full to the Change, is before Noon. 

The Rule, 1 Find the Moon's Age by * laſt Problem. 

2 Multiply her Age by 4, and divide the Product by 5 ;  theſ 
Quotient is Hours, and the Remainder is ſo many times 12 
Minutes of an Hour, and both is her Southing. 1 

Example. The 22d of Auguſt, 1748 ; 1 demand the Moon |; 
Southing ? 


The Operation. 


The Moon's Age as before is ————— 9 Days 
Multiply by — 4 


The product is 36 CF! 
Which divided by 5, the Quotient i is 7 Hours, and the Re. 
mainder is 1, which makes 12 Minutes; ſo that the Moons We 
Southing is 7 Hours, and 12 Minutes, Afternoon being the 
in her Increaſe. 
Prob. IX. To Find the time 4 Full-Sea, or High-water at ary 
Place. 
"The Rule, 1 Find the Moon's Southing by the laſt Fre 
: | 2 


Sect. II. Moon's Southings. fr 


2 To the e add the Point of the Compaſs making 
Full⸗ſea, (on the Full and Change Day) for the Place pro- 
poſed ; the Sum is the time of Full- ſea, or High-water. 

Note, The Point of the Compaſs making Full-ſea on the 
Full and Change Day, may be found in the Tide- table in the 
Mariner'] Kalender. | tk 

Example. The 20th of Auguſt it 748; I demand the time of 
High- water at London? | | | 7 

The Operation. The Moon's Southings (by Prob. 8) for the 
22d of Auguſt, 1748, is ——————- 7h. 12m. Afternoon. 
To it add London S. W. and N.E.—— zh. oom. 


1 


The Sum is the time of High- water ich. 12m. Afternoon. 
Sect. II. The Uſe of the Plain- Chart. or Plot: 


T's requeſite to underſtand the Plain-Chart before the 

Caſes of Plain- Sailing; for that contibutes much to the 
underſtanding this: And for the better underſtanding of it, mind 
thoſe following | 

Definition 1 The Plain- Chart ſuppoſeth the Earth and Sea 
to make one Flat Superfices, or Long Square ; in which the 
Meridians are Parallel, and the Degrees of Latitude and 
8 equal in all Places; which is only true in the 
Equator. 

4 j- The Equator, is a Line drawn Eaſt and Weſt, and is 96 
©] W Degrees diſtant from each Pole: From it Latitude beginneth 
aud in it Longitude is counted. 

3 The Poles are two oppoſite Points, one called the North 
Pole, the other the South Pole ; andlie North and South from 

each other; at them is the greateſt Latidude go Degrees. 
4 The Meridian, are Lines (in this Chart) parallel to each 
other; and perpendicular to the Equinoctial, and lie North and 
South; on which are counted the Degrees of Latitude. 

5 Parallels of Latitude, are Lines parallel to the Equator, 

2] and lie Eaſt and Weſt. | 

„ Latitude, is the Breadth or Diſtance of any Parallel of 
Latitude from the Equator ; from whence it's counted both 
7 ways to each Pole, ending in go Degrees, the greateſt Latitude. 
7 North Latitude, is on that Side of the Equator towards the 

North Pole, and South Latitude towards the South Pole. 

8 Difference of Latitude, is the Breadth, of neateſt Diſtance 
of any two Parallels of Latitude ; and ſheweth how far one 
Place lies to the Northward, or Southward of the other, it 
never exceedeth 180 Degrees. 

D 3 Longi- 


* 22 
, 
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Longitude (in the Plain Chart) is recknoned on any Pa- 
rallel of Latitude, and encreaſing to the Eaſtward till it end 
in 360 Degrees, the greateſt Longitude. | 

10 Difference of Longitude, Meridional Diſtance, Departure 
from the Meridian, ſignify (in the Plain Chart) one andthe 


| ſame thing, and is the neareſt Diſtance of any two Meridians ; 


it ſheweth how far one Place is to the Eaſtward or Weſtward 
of another. 


The Uſe of the Plain Chart. 


Problem 1 To find the Latitude of any Place in the Chart. 
Rule Take the neareſt Diſtance of the Place to any Paral- 
lel, or Eaſt and Weſt Line. 
2 Lay the Diſtance on the graduated Meridian, ſetting one 
Foot on the Compaſſes in the ſaid Parallel, and turning the o- 
ther Foot the fame way, the propoſed Place lieth from it; the 
laſt ſheweth the Latitude required. | 
Example. What Latitude doth the Lizard in England lie in; 
1 Take the neareſt Diſtance from the Lizard to any Parallel 
or Eaſt and Weſt Line. 


2 Lay that Diſtance (onthe Graduated Meridian) from the | 
faid Paralled, and the movable Foot ſheweth 50 Degrees the 


Latitude of the Lizard; and it is North Latitude, becauſe North- 
ward of the Equator : do ſo for any other Place. 


Prob. 2. To find the Courſeor Bearing of one Plate from another. | 


The Rule is thus. 

1 Lay a Rule on the two Places given ; and take the neareſt 
2 from the Center of any Compaſs to the Ruler's 
Edge. | 

2 Slide the Compaſſes, (being at that Diſtance) with one 
Foot cloſe to the Ruler, and the other Foot Perpendicular to 
it; in ſo doing the Perpendicular Foot points out (among the 
Rumb-Lines) the Courſe or Bearing of the propoſed Places 
from one another. | | 

Example. I demand the Courſe from the Lizard in England, 
to the Iſland Barbadoes. 

1 Laying aRuler's Edge on the Lizard and Barbadbes, take 
the neareſt Diſtance from the Center of a Compals to the Edge 
of the Ruler. | 
2 Slide the Compaſſes along by the Ruler, 2 one 
Foot Perpendicular to it, and it ſheweth among the _ 
| 9 3 7 C 


3 & — ae 8 
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the Courſe to be SW. : W. neareſt, from the Lizard to the 
Iſland Barbadoes, the oppofite Point (viz, N. E. E. is the 


Courſe from the Iſland Barbadoes to the Lizard. 
Pꝛiob. 3. To find the Diſtance of one Place from another. 


The Rule. Extend the Compaſſes from one Place to another. 

Meaſure that Diſtance on a Scale of Leagues, or on the Gra- 
duated Meridian; the firſt ſneweth the Diſtance in * 3 
the latter in Degrees. This is ſo eaſy, it needs no Example. 


Problem 1. To find the Meridional Diſtance, or Departure be« 
tween any two Places in the Chart. 


The Rule 4. Take the neareſt Diſtance from one of the given 
Places, to any Meridian. 3 

2. The Compaſſes being kept at that Diſtance, move them 
Perpendicular along that Meridian, till you bring both Feet of 
the Compaſſes into the Parallel of the other Place, there ſtay the 
Compaſſes, 

3. The Diſtance from the Perpendicular Foot to the other 
propoſed Place, being meafured on the Graduated Meridian, or 
on the Scale of Leagues giveth the Meridional Diſtance required. 

Examp. I demand the Meridional Diſtance between the Li. 
zard and Cape Finiſtenre? <a. 

1. Take the neareſt Diſtance from the Lizard to a Meridional 
and ſlide the Compaſſes with one Foot on it, and the other 
| pang till both Feet come to the Parallel of Cape Fxi- 

erre. | 

2, Then the Diſtance from the Perpendicular Foot, to Cape 
Finiſterre, being meaſured on the Meridian, is 3 Degrees, 18 
Minutes, or 66 Leagues is the Meridional Diſtance, and ſhew- 


eth Cope Finiſterre is 66 Leagues to the Weſtward of the Meridi- 
an of the Lizard. 


Prob. 5. The Latitude a Ship is in, and her Meridional Diſtance 
given; to find in the Chart where the Ship is. | 


The Rule. Lay off the Meridional Diſtance (according to its 
Nature, whether to the Eaſtwardor Weſtward) from the Place it's 
counted from ; and then the neareſt Diſtance, from that to any 
Meridian, muſt be kept iu one Pair of Compaſſes. 

2. With another Pair of Compaſſes take the neareſt Diſtance 
of the Latitude from any Parallel, or Eaſt and Weſt Line. 

D 3 3. They 
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3. Then move both Pair of Compaſſes perpendicular, one on 
the Meridian, the other on the Parallel, till both Perpendicular 
Feet meet, and there 1s the Place in the Chart repreſenting the 
Place required. ; | 


Sect. III. Plain Trigenometry applied in 'Plain-Sailing, 


_ Defini- 1, Avigation, is the guiding or directing a Ship 
ti onc. N (thro' the Ocean) from one Place to another; 
it's divided into two Generals; Domeſtick and Remote. 

2. Domeſtick or Home Navigation, is Coaſting or Sailing 
along ſhore 3 in which the Mariners Compaſs, and Lead, are 
the chief Inſtruments. | 

3. Remote (which more properly bears the Name of Navi. 
gation) is the conducting a Ship to any Port, and the finding 
what Latitude and Longitude ſhe is in at any time; in the 
Practice of which, the Mariners have thele helps, the Compaſs 
the Lop, and the Latitude, z | 
4. The Compaſs is a Circle divided into 4 Quadrants, Quar- 
ters, or principal Points; Eaſt, Weſt, North and South each 
Quarter into 8 equal Parts, being in all 32 Rhumbs or Points, 
as in Figure 16, of Plate 2. So that ſteering by the Compaſs 
(well made and duly rectified) is known how, ar which way the 
Ship fail toa ſmall Matter. | 1 R 

5. The Log-Line (truly marked, or ſome other good way) 
is the Inſtrument whereby the Mariners meafure the Ship's Di- 
ſtance failed, in Minutes, Miles, or Leagues, every Hour, 
Watch or day. | | ITY 415 

Note, Each Knot in the Lag-Line ought to be 50 Feet from 
each other, and not 42 Feet or / Fathom; an Error too frequent 
among the Engliſh Navigators, and long ſince refuted by Mr. 
Norwood, in his Seaman's Practice. | 
Alſo the Half Minute Glafs, uſed with the Log- Line, ought to 
be truly 30 Seconds of Time, and not 25 or 26 Seconds, as too 
many Which are ſo called, | 
6. The Third Help, is the Knowledge of the Latitude, from 
whence he ſails, to which he 1s bound, and where the Ships is at 
any Time; this is attained by Cæleſti al Obſervation (at Sea with 
a Quadrant or Foreſtaſt) taking the Sum or Star's Meridional 
Altitude. TEE yen OI 5 ä 
Now by any two of theſe three things exactly known, the 

avigator comes to know at any time, where he is, how far 

He hath run, and how far he is yet to run, which way or upon 
what Point of the Compaſs he is to ſteer; and all this by Tri- 

gonometry, in the three Kinds, viz, 


Plain 


In 


Sect. 


Plain Sailing. rr 
Plain-Sailing, war and Circle-Sailing; as ſhall 
be ſhewed in Order; And firſt of Plain-Sailing, in which 
take theſe Five general Rules following, 

Rule, 1. That 20 Leagues being equal to 60 Miles or M 
nutes, is alſo equal to one Degree of Latitude. 

But Note, One of theſe Miles or Minutes containeth 6000 
Feet, andis greater than a Statute or common Mile, which is 
but 5000 Feet; of which about 69: Miles make a Degree; 
whereas in the Practice of Navigation, 60 are counted to a 
Degree on the Meridian, or any great Circle. 


2. General Rule, To find the Difference of Latitude, when 
the Latitudes of two Places are given. 


The La F both or both ſubtract 
titudes 3 one ; n dite other d South} add © finds 
the Difference of Latitude. 

3. General Rule, To find the Latitude the Ship is in, when 
the Latitude failed from, and the Difference of Latitude js 
given; for this are the two following Caſes. 


Caſe I. 


In | 5,174 J Lait. failing to the J gh ; ward the 
| | Latitude increaſeth, add. 
| Caſe IT. 


In 40875 5 Latitude „ ſailing to the I th © ward the 
„ Latitude decreaſeth, ſubtract. 
And here Note, When the Latitude decreaſeth, and the Dif- 
ference of Latitude is greater than the Latitude ſailed from, 
the Ship hath croſſed the Equator, and changed her Latitude; 
either from North into South, or South into North. 
4. General Rule, The Sum of the three Angles of every 


Plain Triangle, is equal to 16 Points of the Compaſs ; For 
: Point | IId. 13m. 
16 CPoints Cof the Compaſs is equal to- 2 Degrees, 


5. General Rule. If a Ship ſails Eaſt or Weſt, the keeps in 


the ſame Latitude ; and if a Ship ſails North or South, ſhe 


keeps in the ſame Longitude, 
Note, Plain Sailing is divided into three Parts, viz. 


1. In a Right-Angle Triangle, relating to a Single Courſe, 
in which are Six Caſes, D 4 2. In 


1 
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2. In a Ripht-Angle Triangle, relating to ſeveral Courſes 


called aTraverſe. | We; m. 
3. In an Oblique Triangle, in which are but four Caſes, tho? 
multitude of various Queſtions. 27: 5 bh | pat 
The Firſi Part of Plain Sailing is contained in the ſix Prob- 
lems or Caſes following. Po 


Prob. or Caſe 1. Courſe and Diſtance ſailed given; to find the | an 
Difference of Foros and the Departure from the Meridi an, g 


Example: Admit a Ship runs 496 Minutes SW by W. from 
the Lizard in od. oom, North Latitude: I demand the Lati- 
tude ſhe is in, and how far ſhe is departed from the Meridian ? 

Obſerve, That in all Problems of Navigation, make the up- 

er end of the Book or Slate to be the North ; then the Right- 
* is the Eaſt, the Left- hand the Weſt, and the lower end 
1s the South, Then, | | 


To delineate the Problem by the Plain-Scale, | 


1. Draw the Meridian AB (Plate 2. Fig, 9.) towards the 
Right-hand, when the Courſe is Weſterly, but when Eaſterly 
towards the Left-hand; and put A at the upper End when 
Og Courſe is Southerly, but at the lower end when its North- 
erly. | 

2. With a Ghord of 6o Degrees and one Foot on A, de- 
ſcribe an Arch; on that Arch lay 5 Rhumbs (becauſe SW by 
W is 5 Points from the South) taken fram the Scale of R 
Rhumbs, and by it draw a Line AC. 84 
3. From any Scale of equal Parts, take the Diſtance run 
496 Minutes, and lay it from A to C; then A repreſents the 
Place failed from, C the Place the Ship is come to, 

4. From C let fall the Perpendicular CB, to cut the Meri- i 

dian in B, and its done, Then, meaſure AB and BC on the 

{as Scale of equal Parts, that AC was taken from, will ſhew Re 
ow much the Difference of Latitude, and Departure from 

the Meridian is, by the Plain Scale, | 

Theſe Directions, with the following Explanation, being T 
well conſidered, will ſhew how to delineate and anſwer any , 
of the Six Caſes of Plain Sailing by the Plain Scale: There- ubt 
fore I omir the Delineations in the five following Caſes ; hav- 
ing given ſufficient Directions to make any Rectangle Plain-f _ 

riangle in Prob. 10, 11, 12 and 13 of Practical Geometry, and adi 


ch are all the Gaſes in this P. in Sail 
e ee Pa fe ig de 
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; # This Right Angle Triangle ABC (Plate 2. Fig. 9.) may be 
made by Prob. 10. of Geometry; in which Note, 
F 1. The e ee K AC (repreſents the Point of the Com- 


paſs the Ship ſteered, and) the Ship's Diſtance run, 
- | 2. The Leg AB, (the Meridian) that is the North or South 
Point of the Compaſs the Difference of Latitude. 
The Leg BC (the Eaſt and Welt Point of the Compaſs 
ad a Parallel of Latitude) the Departure from the Meridian. 
4. The Angle BAC (che Angle of) the Ship's Courſe. 
5. The Angle ACB (the Angle of) the Complement of the 
n_ | Ship's Courſe. | | 
i- # Note, The Angle that the Point of the Compaſs ſteered b 
2 (or upon) maketh with the Meridian, or North, and 8 
p- I Point of the Compaſs, js called the Angle of the Ship's Courſe, 
t- and the Angle it maketh with the Eaſt, or Weſt Point, is the 
1d | Complement of the Courſe. | | 
The Courſe in this Example being SW by W. is 5 Points 
from the South or Meridian, and makes 56d. 15m, The Com- 
plement of the Courſe is 3 Points; that is, 33d. 45m. as may 
be ſeen in the Table, Intituled. A Table of the Angles which 
the every Rumb for Point of the Compaſs) maketh with the Meridi- 
rly Jen, at the End of this Book. 
The Things thus explained, the Proportion by Chapter 2. 
Section 2. Axiom 1. and Cale 1. of Plain Right Angle-Triangles 
may be as follows, - 


15 For the Difference of Latitude, three ways, thus; 
of Radius 


8. c. Courle | 
Sec. Courſe *» Diſtance :: Radius ** Diff. Lat. 
ec. e. Courſe T. c. Courſe 

All theſe three Proportions may be wrougat by the Loga- 
ithms, but I only work the firſt, 


erl- By Gunter's Scale, thus, 


hew | Radius «+ Diſtance :: S. c. Courſe · Difference Latitude S. 8. 
om Points ** 496 Min, :: S. 3 Points Min. 275.6 Tenths. 


Latitude failed from is ——5o0d. oom. North. 
being The Diff. of Latitude Min. 27 5.6 or— dad. 36m. 
tere, Pubtract, giveth Latitude the Ship is in 454. 24m. North. 
e For the Departure, three ways, thus; | 
lain” 


* andFadius S. Courſe 


a ec, Courſe & Diſtance ::4 T. Courſe Coenen 
This ec. c. Courſe (Radius 


— a r eee +. 2 
Þ % 1 þ * 


The 


— 
— — - — 
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The firſt of theſe by Gunter”s Scale, thus; fir 
| Radius *- Diſtance :: S. Courſe ++ Depart. from the Merid, 
S. 8Points ** 496 Min. :: S. 5 Points. Minutes 412.4 Tenths, 
So that the Departure from the Meridian is Minutes 41 2.4 
Tenths, which makes 6d, 52m. Meridian Diſtance Welt. 


Problem or Caſe 2. Courſe and Difference of Latitude given * 
to find the Diſtance run, and the Departure from the Meridian, 


Example. If a Ship runneth SE by E. from 1d. 45m. North , 
Latitude, and then by Obſervation is in 2d, om. South Lati. * 
tude, What is her Diſtance and Departure? Plate 2. Fig. 10. 5 

This Triangle ABC may be made by Prob. 12, of Geometry, Pla 


In this Example, having Latitude the Ship failed from, and G 
Latitude ſhe is in by Obſervation, there are the Latitudes off 
two Places given, and by the Second General Rule, in Page 58, Dif 
the Difference-of Latitude is found as followeth. 

Latitude ſailed from — — 1d. 45m. North, 

Latitude by Obſervation is — 2d. 5om. South, 8 


The Difference of Latitude is Ad. 3 5m. Or 275 
Minutes; found by multiplying by 60, the Minutes in a Degree. D 


1½, For the Diſtance, the Proportion may be thus; 40 


8. c. Courſe Diff. Lat. :: Radius · Diſtance, I: * 
S. 3 Points ** 275 Min. :: S. 8 Points. 495 Minutes- 1 

2, For the Departure, thus; P 
S. c. Courſe Diff. Lat. :: S. Courſe · Departure, N. 


S. 3 Points 275 Min. :: S. 5 Points 412 Minutes: or 6d 
5zm. Eaſting; that is, the Ship is fo much to the Eaſtward o 
the Meridian of the Place ſhe failed from. 


- 
Problem or Caſe 3: Courſe and Departure from the Meridia Ex 
given; to find the Diſtance and Difference of Latitude. Rnd t 
. } 0 
Example. If a Ship fails NE by E. for a Port in 3d. 15 * 
South Latitude, until ſhe depart her firſt Meridian 412 Min. rriar 
demand her Diſtance, and what Latitude ſhe is in? Plate M 
Fig. 11. This Triangle may be made by Prob. 12. of Geometryſh. 
2 I/. For the Diſtance, the Proportion may be this. ſtat 
S. Courſe · Departure :: Radius *- Diſtance run, Bu 


8. 5 Points 412 Min, :: S. 8 Points Min. 495. 5 Tenths. 

2d, For the Difference of Latitude thus; 5 
8. Courſe *- Departure :: Sc Courſe · Diff. Latitude. ladiu 
. 5 Points 412 Min.:: S. 3 Points · 275 Minutes, = 900 
1 | © 
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being reduced is 4 Degrees 35 Minutes Northing, by which 

find the Latitude the Ship is in, as here under. | 
Latitude failed from is — ——— 3d. 15m, South 
Difference of Latitude is 275 Min. or—— 4d. 35m North 


gubtract. giveth Latitude the Ship is in— 1 d. 20m, North 


Prob. or Caſe 44 Diſtance, and Difference of Latitude given 
; to find the Courſe and Departure, 


Example, Suppoſe a Ship fails 496 Min, between the South 
hand the Weſt, from a Point in 2d. 48m, South Latitude; and 
then by Obſervation is in d. 23m. South Latitude: What 
o. Courſe hath ſhe ſteer'd, and what Departure hath ſhe made? 
Plate 2. Fig. 12, This Triangle may be made by Prob. 11 of . 


nl geometry. 

oi By the two Latitudes mentioned in this Example, find the 

5b, pifference of Latitude, as followeth, | 7 
Latitude. failed from is————— 2d, 48m. South 

by Latitude by Obſervation, is 7d. 23m. South 


Subtract, gives the Diff. of Lat. — 4d. 35m. or 275 M. 


T/?, Fir the Courſe, the Proportion is. 
mY Diſtance Manne :: Diff, Po «+ IC. Courſe. 
496Min. ** S. god. :: 275 Min. S. 33d. om. 
Which ſubtract from god. the Remainder 56d. 20m. is the 
YCourſe, which makes 5 Points neareſt ; or SW by W. for the 
Ship's Courſe, | eee IE 


2d, The Proportion for the Departure Is, 
Radius Diſtance :: S.. Courſe Departure. 
8. od. 496 Min.:: S. 56d. 20m. 412 Minutes. FX 5 
Prob, or Caſe 5, Diſtance and Deporture given; to find the | 
* Courſe and Differance of Latitude. | | 4 


Ir Gd 
ard o 


ridia Example. Admit a Ship ſails 496 Minutes between the North 
de. Ind the Welt, from the Iſland Bermudas, in Latitude 32d. 30m. 


North, until her Departure is 412 Minutes; what Courſe hath 


. 151Whe ſteer'd ? And what Latitude ſhe is in? Plate 2. Fig. 13. This 
Min. Jſriangle may be made by Prob. I 1. of Geometry. 


late 


ety _ 1/7, For the Courſe take this Proportion. | 1 


Diſtance *+ Radius: : Departure Sc. Courſe. 3 
g6min. ** $.90d, : 412 min. 8. 56d. 10m. N. weſterly. 4 
hat is 5 Points, which makes the Courſe to be NW by W. 1 
e 24, For the Difference of Latitude. 
adins ** Diſtance :: S. Courſe ++ Difference of Latitude 
„wic od. 49 Emin. :: $.33d-4om.** 275 min. or 4d. 35 m. 

be! Latitude 


nths. 
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Chap. III. 

; ' 8 d. | m. 

Latitude failed from ——— 32 30 
Difference of Latitude 275 Minutes, or 4 35 


Latitude Ship is in | — 37: 05 North 


Prob. or Caſe 6. Difference of Latitude and Departure given; 
FR + fo find the Courſe and Diſtance, | 


Example. If a Ship's Southings be 275 Minutes z and her 

Eaſting 412 Minutes, What is her Courſe and Diſtance? Plate 2. 

Fig. 14. This Triangle may be made by Prob. 13. of Geometry, 
1/t, Fur the Courſe take this Proportion. 

Diff, Lat. ,. Departure :: Radius ., T. Courſe , 

275 Min. . 412 Min. :: T. 45d. T. 56d. 17m. South Eaſt. 
erly, or 5 Points, which makes the Courſe to be SE by E. 
neareſt, hg, * 

24, For the Diſtance this Proportion. 

S. Courſe .. Departure :: Radius .. Diſtance. 

S. 56d. 17m... 412 Min. :: S. od. . 495 Min. 

Theſe ſix proceeding Problem are the common Caſe of Plain 
Sailing; which the Learner ought to be well acquainted with; 
and for that End I here add ſix more for Practice, whoſe An- 
ſwers may be found by the fore going Rules; 

Queſt. 1. 4 Ship in 2d. 1om. South Latitude F |. N. by E. 
Bg Leagues : What Latitude is ſbe in? And what is her Departure? 


Anſw. Latitude 2d. 12m. North, and Departure Leagues 17 


and 35 Parts of a Hundred. 


Queſt. 2. A Ship Sailing 88 W from a Port in 41d. 30m. North 


Latitude ; and then by Obſervation, the Shipis in 36d: 57m. North 
Latitude: I demand the Diſtance run, and Departure? 

Anſu. Diſtance run, 98 Leagues 5 Tenths, Departure 
Leagues 376 Tenths. % De, 


Queſt. 3 A Ship ſails SSW half W from 24 30m South Lati- | 
tude until the Departure be g Leagues: I demand ber Diſtance 


run, and the Latitude the is in? 3 | 
Anſw. Diſtance run 125 Leagues, Latitude 8d. orm, South. 
Queſt. 4. Fa Ship ſaileth zöomin. South Weſtward, from 21d. 


59m. South Latitude, until (by Obſervation) ſhe be in 24d. 49m. 


South Latitude: IWhat is her Courſe aud Departure. 


Arfw. Gourfe, is 8W by W.i W. and Departure from the] 


Meridian is 318 Minutes, 2 40 


Queſt. 5. Suppefe a Ship ſaileth 354 min. North Eaſtward; | 
from2d. gm. South Latitude, until her Departure be 150 min 


What is ber Courſe, and Latitude fhe is in? 


Anſ: 


Diſtance by the L 
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Anſw. Courſe is NNE. à Eaſt neareſt, and Latitude the Ship 

is in, is 3d. 8m. North. | 
ueſt. 6. Sailing between the North and the Weſt, from a Port 

in 1 59m. South Latitude, and then arriving at another Port in 
zd. o8m. North Latitude, which is 209 min to the Weltward of 
the firſt Port: I demand the Courſe, and Diſtance from the firſt 
Pert to the ſecond ? ; 

Anſw. Courſe is NW by N. and Diſtance of the Ports 371m. 
or Leagues 1233 · | 

So much for the firſt Part of Plain- Sailing, Traverſe is next 
in order. 


GT 


Seft. IV: Plain-Sailing, the ſecond Part; ſhewing how to re- 
ſolve aTraverſe or bring ſeveral Courſes into one 


Legs thoſe neceſſary Problems concerning a Single 


| Courſe, the next in order is a Compound conſe, common- 
ly called a Traverſe; in order to the right underſtanding there- 
of, obſerve the following Definitions. 

1, A Traverſe, is when a Ship (meeting with a contrary 
Wind) ſaileth on ſeveral Courſes in 24 Hours. 

2. To reſolve a Traverſe, is to reduce or bring ſeveral Courfes 
into one ; the Courſes are known by the Compaſs, and the 
; which in common Voyages is heav'd 
once in two Hours, but to the Eaſt-Indies every Hour. | 

3 The Log is a Piece of Board about ſeven Inches long, in 


Form like a Flounder, the Head off, and fo faſted to a ſmall 


Chord (or Line call'd the Log-Line) at one End, with ſo much 
Lead at the other, that when it's put into the Sea, it may ſwim 
upright or endwiſe. 


4 The Lop-Line is divided into equal Spaces, called Knots, 
by ſomething faſtened to it at every 50 Feet Diſtance for a Knot. 
| Now the Log-Line being wound on a Reel, and the Log put into 


the Sea: if the Log-line be veered out ſo faſt as the Ship fails, 
then look how many Knots are veered out in half a Minute's 


time ; juſt ſo many Miles or Minutes doth the Ship run in one 


Hour. | | | 

5 Oneof theſe Miles contain 6000 Feet, and is greater than 
a Statute or common Mile, that being but 5000 Feet ; of which 
about 69: (on the Meridian or any great Circle) is a Degree; 


but in the Practice of Navzpation, 60 Miles or Minutes are 


counted for a Degree, thcrefore I call them Minutes. 
6 In the Steerage, or ſome other convsnient Place of the 


Ship, hangeth a Table called the Log-Board, divided into 5 Co- 


s; Wherein are written the Fours of the Day, Courſes 


cered, | 


/ 
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Plain Sailing, the ſecond Part. 
ſteered, Knots, &c. veered out; and laſtly the Vindt; as in 


Chap. III. 


The Form of the Log-Board. | 

S 2 

8 e Pur. Winds 

J= ourſe or Points, S | 2 inds, 
8 o — uw 

GY HIT WE e 
| T2 LS |. 
_ . Tx WSW. 

8 | ey ee a eas 

To | NWby NW. I E ö 
— a 

1 I 1 
8 r * 2 
X ER | 4 $6551: SW by S 

Io SW. 4 5 . 
ESE: F 3 — 


» 


Note, The Column for Courſes is made ſomtimes juſt be- 
fore the Columns for the Winds, and then the three narrow Co- 
lumns ſtand together. 

7 The Day begins and ends at Noon; that is, from Noon to 
Noon is the Length of the Day. 

8. Every Day at Noon the Log-board ought to be copied into 
a Log-book, ruled like the Log-board: Then muſt be caſt up how 
much the Ship hath failed on each Courſe. | 

9 If the Ship fails by a Wind, it's uſual to allow one Point 
for Leeward-way ; ſo that when the Ship is cloſe haled, and 
doth lie 5: Points from the Wind, yet her Courſe corrected is 6: 
Points from the Wind. 

10 The ſeveral Courſes (being corrected) and Diſtances, are 
to be brought into one Courſe and Diſtance ; which is called 
Reſolving a Traverſe, and to lay it down by Scale and Compaſſes, 
take the Four following Rules, which give the Points that are be- 
a as twe en 
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tween each Courſe, called the Angle between both Courſes. 

Rule. 1. Two Meridians, and two Parallels; the leſſer 
Courſe ſubtracted from the greater, gives the Angle between 
both Courſes. | 


Rule 2. Two Meridians and one Parallel; add both Cour- | 
ſes together „ 


l 

Rule 3. One Meridian, and two Parallels; ſubtract the | 

Sum of both Courſes from 16 Points. | 
Rule 4. One Meridian, and one Parallel ; add 8 Points, the - 

leſſer Courſe, and the Compliment of the greater together ; 

the Sum is the ſaid Re. 


Note, 1. North and South are called Meridians, and Eaſt 
and Weſt are called Parallels. , 


2. By Compliment of the greater Courſe, underſtand how 
much it wants of 8 Points. 
3- To know the Meridians, and Parallels, the firſt and ſe- 


cond Courſes are compared together, and the ſecond and third, 
and the third and fourth, exc. | 


Example. A Ship being bound to a certain Port, meeting with 
contrary Winds, ſails 57 SE by S. 67 Minutes; then SE by 
E. 53; then V. 45 ; then NE by N. 74; then Weſt 57; and 
then S by E. 83 Minutes : Idemand the Difference of Latitude, 
Departure from the Meridian, and direct Courſe, and Diſtance 
from the firſt place departed ? Plate 2. Fig. 15. 


1. Set down the ſeveral Courſes and Diſtances, with the 
Points from the Meridian, &c. as in the following Table. 


| GR SY | 


Sc 8 J. J. Di F. Latitude Departure in 

1 __ 8 SZ 8 S| in Minutes. Minutes. | 
3 N 
I . J | 
. North] South FAN Weſt | 
2|SE by E-153 49.4 44-1 

3 17.2 [a6 

2 — "41.1 

n — 57.0 

6 | — _ 


—Sum'd yp —=---61 5 25 | 
| Subtract — 5 


Difference of Latitude · 122.2| 40.1 Depart- s 


„ L 4 a — 8 _ 5 . Þ „ 23 * as * Cat ©: — 
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2. In the fifth Column put the Points for laying down; 
which are found by the four Rules foregoing : For the fir 
Courſe always is the fame with the points from the Meridian; 
for the ſecond Courſe it's 14 pointe, found by comparing the 
firſt and ſecond Courſes together, in which are one Meridian 
and one Parellel ; and by the 4th Rule it makes 14 points for 
laying down: Again, comparing the ſecond and third Courſes 
it's one Meridian and two Parallels, which by the third Rule 
makes 5 points for laying down : Again, the third and fourth 
Courſe compared, it's one Meridian and two Parallels; which, 
the firſt Rule makes 3 Points for laying down; and ſo for 
e reſt as in the foregoing Table. 2 
3. By theſe Points for laying down, it's eafy to delineate the 
Traverſe ; as you ſee in plate 2. Fig. 1 5. which is thus, 
Firſ?, Draw the Meridian AB, and on A draw an Arch, 
with the Chord of 60 Degrees, on which Arch lay 3 Points; 
by it draw a S E by S. Line, laying thereon (from A) 67 Mi- 
nutes, the Diſtance Run S E by 8. He 
Secondly, With a Chord of 60 Degrees, andone Foot at the 
end of the SE by S. Line, draw an Arch, on which lay 14 
Points: That is, take 7 Rumbs from the Scale of Rumbs, and 
lay it twice on the ſaid Arch; by it and the end of the SE by 
S. Line, draw a S E by E. Line, making it 53 Minutes long, 
ſo the ſecond Courſe is finiſhed. 

Thirdly, At the end of the SE by E. Line, in like manner 
With the Chord of 60 Degrees, draw an Arch, and thereon 
lay 5 Points, by which and the End of the 8 E by E. Line 

draw the WSW. 45 Minutes long. 
Fourthly, After the fame manner draw the N E by N. Line 
| 74 Minutes long: Then the Weſt Line 57 Minutes long, 

a And then the 8 * E. Line 83 Minutes long, ending in C, the 

1 place where the Ship now is. . 

1 | Laſtly, Draw a Line from C to A (the place the Ship de- 

+ parted from) and from C let fall the Perpendicular BC ; then 

| is AC the Ship's Diſtance from the place of departing, AB her 

ö Difference of Latitude, and BC her Departure from her firſt 

is Meridian, each being meaſured on the ſame Scale the other 

tt Lines were taken from, will ſhew how much they are ſeve- 
rally, and the Angle BAC meaſured on the Scale of Chords or 

. Rumbs, ſhews her Courſe. | 3 

＋ 4. Then by Problem 1. Section 4. of this Chap. find the Dif- 

f ference of Latitude and Departure from the Meridian ; for 

thoſe Courſes and 1 ; that is, by the fir/? Caſe 

of plain Sailing, having the Courſe and Diſtance run given; 
to find the Difference of Latitude, and the Departure from the 
. 5 | Meridian; 


1 al © nth Ae. y_ r * a 


PE. Sw... as tw. fiwos. 


— - 


E 


Py 


the Learner's Practice, I ſubjoin the following 
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Meridian; and that for each given Courſe; which place in their 
08 Columns, thus: If the Courſe be North Eaſterly, put the 
Difierence of Latitude, in the North Column under NVorth; 
and the Departure in the Eaſt Column under /Ea/? -) If the 
Courſe be South Eaſterly, then put the Difference of Latitude 
in the South Column, and the Departure in the Eaſt Column; 
if South Weſterly, then in the South and Weſt Columns ; and 
if North Weſterly, then in the North and Weſt Columns: 
As for Example. The firſi Courſe in the foregoing Traverſe 
is SE by 8. that is, South Eaſterly ; the Difference of Lati- 
rude Minutes x5: 7, place in the South Column; and the De- 
arture Minutes 37. 2, put in the Eaſt Column; as in the 
able. foregoing, The like obſerve for all the reſt. | 

Note, When the Courſe is E, W, N, or S. the Diſtance ſaid, 
then place in the Eaft, Weſt; North or South Columns, as 
here the fifth Courſe is Weſt the Diſtance 57 Minutes is placed 
in the Weſt Column; as you ſee above in the Table. 

5. Having found the Difference of Latitude, and Departure 
from the Meridian for each Courſe; and placed them in their 
proper Columns ; add up the North, South, Eaſt, and Weſt Co- 
umns, and ſubſtract the North and South Columns, the one 


from the other, that is, the leaſt from the greateſt, for the 


Difference of Latitude; in like manner, the Faſt and Veſt Co- 
lumns for the Departure : As in the foregoing Table, the Sum 
of the North Column 61. 5 ſubſtract from the Sum of the South 
Column 183.7 the Remainder 1 22:2 is the Difference of Lati- 
tude Southerly : And the Sum of the We/? Column 98.6, ſub- 


tracted from the Sum of the EA Column 1 38.7, the Remain . 


der 40. 1, is the Departure from the Meridian Eaſterly. 

6. Then having found the Difference of Latitude, and De- 
parture from the Meridian, the Courſe and Diſtance may be 
found by Problem 6. Section 3. of this Chap. And in this Ex- 
ample the Difference of Latitude being Minutes 122. 2 Sout her- 
2 and the Departure Minutes 40 1 Eaſterly, the Courſe will 

e South 18d. tom. LO 1 that is, 8. by E. ; E almoſt, 
and the Diſtance Minutes 128.7 which was required. 

After this Manner you may work an e 4d and for 

| xamples. 
Example 2. Suppoſe in 24 Hours a Ship ſaileth as followeth, 


SW by S. 30 Minutes, S. 33, NNW. W. 32, SW, 39, SE 


9, and ESE. 11 Minutes : What is her Difference of Latitude, 
Departure from the Meridian, direct Courſe and Diſtance. 
An. Difference of Latitude Minutes 67.9 Southerly , Depar- 


ture Minutes 42.8 Weſterly, Courſe is South 32d. 1 5m. We- 


ſterly, or SW by S. neareſt, Diſtance Minutes 80.3 Tenths. 


Gi Rien & . a Ship ſuileth by the Log · Board in 24 Hours 
NE. 


S by 
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S by W. 47, and NEby N. 78 Minutes What is her Difference 
of Latitude, Departure, direct Courſe, and Diſtance Run ? 

Arfw, Difference of Latitude Minutes 141.6 Northerly 

Departure 55.6 Eaſterly, Courſe is North 22d. 25m. Eaſterly, 
or NNE. neareſt, Diſtance Minutes 1 * 

Example 4. Jf a Ship ſaileth W by S. 87 Min. N 46, SSE. 

75, E 83, NW by W, 79 NE by E 57, andNW by N. 64 Min. 
demand her Difference of Latitude, Departure, direct Courſe, 
and 1;ſtance Run? | 

Anſw. The Difference of Latitude Minutes 88.6 Northerly, 
Departure Minutes 27.5 Weſterly, Courſe is North I 7d. 15m. 
Weſterly, or N by W. 1 W. neareſt, Diſtance 93 Minutes. 

Example 5. A Ship ſaileth as followeth, NNE. 55 Min. 
NW W96, S by E. E. 57, WSW. 1 W. 89, NE by N. à E. 
Ioo. SW by W. W. 54. and N by E. 5om. What is her Dif- 

ference of Latitude, Departure, direct Courſe, and Diſtance Run? 
_ Anſw, Difference of Latitude Min. 131. 8 Northerly, De- 
parture Minutes 92. 1 Weſterly, Courſe 34d. 56m. North 
Weſterly, or NW by N. neareſt, and Diſtance 161 Minutes. 

Example 6. 4 Ship in 46d. 24m. South Latitude ſaileth by the 
Log-board in 24 Hours SE. 8 Min. SW by W. : W. © NE by 
E. 5. WNW. 2 W. , NW. 4, ESE. E. 3, Stby E. 7, NNE.JE 
4, and F. 7 Min. What is her Difference of Latitude, Departure, 

direct Courſe, Diſtance Run, and Latitude ſbe is in? 

Anſw. Difference of Latitude min. 4. 62 Southerly Depar- 
ture min. 6. 17 Eeaſterly, Courſe is South 53d. Iom. Eaſterly or 
SE; E Diſtance Run min. 7.71, and Latitude 46d. 29m. South. 

Example 7. Admit a Ship in Id. zom. North Latitude, ſails 
NNE. © min. SEbyS.31FE.5, NE by E. 2 E. 4 WNW 3 W. 8. 
SW by S. 2 W. 7. NW by N 4. ENE. 5. SW. 7. and SE by 

E. 5 min. Idemand her Difference of Latitude, Departure di- 
rect Courſe, Diſtance Run, and what Latitude ſhe is in? 

Anſw. Difference of Latitude minutes 2.40 Southerly, De- 
parture min. 1.59 Weſterly, Courſe is South 33d. 31m. We- 
ſterly, or SW by S, Diſtance minutes 2. 88 and Latitude ſhe 
is in 1d. 28m. North. 2 

Thus much for the Second Part of Plain Sailing, called a Tra- 

. verſe, we goon to the Uſe of an Oliquè Triangle in Plain Sailing. 
Sedt. V. Plain Sailing, the third Part; or the Doctrine of Gil. 
que Angles applied in Problems of Sailing by the Plain Chart. 

Ltho' this Part of Plain Sailing is the leaſt uſeful, and 

moſt difficult, yet for the Learner's Diverſion I add 
ſome Problems. : . 

Problem 1, Suppoſe two Ports lie North and South, and a Shi 

' + ſails fromthe Northermaſt SE 68 Minutes; another from the 

SE I EDT I og ep A 


"7s. * 


L. 
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Sout her moſi ſuil iN Eby N. till ſhe meet the firſt Ship. Idemand 
the Diſtan ce of theſe Ports, andthe ſecond Ship”s Diſtance Run ? 

In the Oblique Triangle ADE, Plate 3. Fig: 1. . 

Let A repreſent the Northermoſt ꝙ pe 
D the Southermoſt 

Side rat el 1 5 Ship's Courſe and Diſtance. 
E the Place where the Ship's meet. 

Here are two Angles and one Side given, and therefore by 

Chap. 2. Sect. 3. Prob. 5. Caſe 1. of Oblique Angles, 

1. For the Side AD the Diſtance of the two Ports, the 
Proportion is, 
S. ADE «+ Side AE :: S. AED.. Side AD. 
S. 3 Points.. 68 Min.:: S. 9 Points.. Min. 1 20. 5 Tenths. 

. Note, When an Angle exceeds 8 Points, ſubtract it from 

. 16; as hore, 9 Points being ſubſtracted from 16, the Remain- 

4 der 7 Points, is to be ufed inſtead of it. 

h 2 For the Side DE the ſecond Ship's Diſtance, the Propor- 

$ 

Ve 


tion is; | 
8. ADE.. Side AE :: S. DAE .. Side DE: 

. $. 3 Points .. 68 Min.:: S. 4 Points . Min. 86. 2 Tenths, 

Problem 2. Suppoſe two Ports lie NE. and SW. and a Ship ſails 
from the Sguthermoſi ESE. 45 Minutes, another fromthe Non- 
thermeſt runs 72 Minutes, amd then meets the firſt Ship; I de- 
mand the Courſe ſtee d by the la/t, andthe Diſtance rf the Port ? 
In the Oblique Triangle ADE, Plate 3 Fig. 2. 

| Let A repreſent the Southermoſt } port. 

D the Northermoſt ———— ; 


Side $ AEthe firſt : Ship's Courſe and Diſtance, 


DE the ſecond —— 
E the Place where the Ships meet. | 
Here are two Sides and one Angle oppoſite given, and by 
Chap. 2. Sect. 3. Prob.6. Caſe 2 and 3. of Cblique-angles. 
De- I For the Angle ADE the ſecond Ship's Courſe, the Pro- 
We- portion is, | 
> ſhe Side DE .. S. DAE :: Side AE .. S. ADE. | 
72 Min. . S. 67d. 30m. ::45 Min. .. S. 35d. 15m. which 
Tra- Wiibſtrat from SW. 45d. makes the Courſe gd. 45m. South 


ling. Weſterly, or S. 3W. 

Obi. 2 For the Side AD the Diſtance of the two Ports, the Pro- 

1art. portion is, | 

„ and S. PAE Side DE :: S. AED «+ Side AD. 

I add S. 6d. zom. 72 Min.:: 8. 77d. 15m. 76 Min. in P iſt. 
Problem 3. Two Ships ſail from a certain Road, one ſails 

a Shi 8 SSE. 50 Minutes, the other SSW. 35 Minutes. I demand 

om the WW their Bearing and Diſtance? 22 ta 
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In the Oblique Triangle ADE. Plate 3. Fig. 3. 
Let A Rs __ Road. | * 
AD the | a 6 ; 
ai. I AE the ood nn 5 Ship's Courſe and Diſtance. 
DE the Bearing and Diſtance of the two Ships. 
Here are two Sides and one Angle between them given; 
and by Chap. 2. Sect. 3. Prob. 7. Caſe 4 and 5 of Cbligue- ang les. 
1 For the Angles ADE and AED; their Bearing. 
Side A 50 Min. From the three Angles 180d. oom. 
AE 35 Min. Subſtract the Angle DAE — 45d. oom. 
Sm Sides 85 Min. Sum of ADE and AED — 135d. com. 
Diff. Sides 15 Min. The half Sum ADE and AED ed. zom. 
Sum Sides Diff. Sides :: T Sum Angles ** TI Diff, Angles, 
85 Minutes ** 15 Min. :: T. 67d. 3om. . T. 23d. orm. 
The half Diff. of the Angles 23d. o5m. 
Added, is the greater Angle god. 35m. AED. 
Subſtracted, is the leſſer Angle 44d. 35m. ADE. 
which added to SSE. 22d. 3om. is South Eaſterly 66d. 55m, 
and North Weſterly 66d. 55m. that is ESE. and WNW. near- 
eſt, is the Bearing of the two Ships. 
2 For the Side DE their Diftance, the Proportion is ; 
S. ADE Side AE :: S. DAE +» Side DE required. 
S. 44d. 25m. ** 35 Min.:: S. 45d. om. Min. 35. 4 tenths, 


Problem 4. Suppoſe a Ship ſails NE. 5o Leagues, then South 
Eaſterly 85 Leagues; and then forced back by foul Weather 
105 Leagues to the Place from whence ſhe firſt ſailed : Ide. 
mand her ſecond Courſe, and her laſt Courſe back ? 


In the e x Triangle ADE, Plate 3. Fig. 4. 
Let A repreſent the Place ſailed from at firſt. 
BY: 1 25 Place, and DE ſecond Courſe and Diſt. 
E 3 the third Place, and DA third Courle and Diſt. 
Here are three Sides given; and by Chap. 2. Sed. 3. Prob. 
8. Coſe 6. of Oblique Angles, the Proportions are; | 
1 For FE the Difference of the Segments AB and BE; the 
Operation is, 
Leagues 
side $ DE85Þide AE. Sum DE & DPA: dif. DE & DA. FE diff ot, 
DA 50[105 leg. 135 Leagues ::35 Leagues 45 Leag 
Sum — 135 45 FE Difference of the Segments AB, and BE. 
Ditf. — 35j105 16: © 75 BE the greater Segiment. 
' 60 the half is * AB che keller Segment | 
| 2 For 
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2 For the Angles DAE and AED, the Proporions are; 
Hypotenuſe AD Radius:: Leg AB ++ Sc. DAB or DAE. 
50 Leagues ** S. god. :: 30 Leag. S. 36d. 53m, 
Subſtract from — 90, om. 
Reſteth Angle DAE —— 534d. 07m* which 
being added to NE makes N Eaſterly 98d. 07m. or 
South Eaſterly 81d. 53m. ſo that the Courſe from E to A, is 
W by N. W. back to the Place firſt ſailed from. And again; 


Hypotenuſe DE. Radius:: Leg BE. Sc, BED or AED 


85 Leagues S. god. :: 75 Leag. ** S. 61d. 55m. 
Subſtract from | d. com. 
Reſteth Angle AED —— — dd. 05m. 


Which ſubſtract from the South N 81d. 53m. leaveth 
53d. 45m. or SE E neareſt for the ſecond Ship's Courſe from 


D to E. 


Theſe are the kinds of Oblique Queſtions, though Multitudes 
may be propoſed, of whieh here followeth a7. 2 


| aſte, to exerciſe 
the Toung Learner ; of all them to be reſolved by the foregoing. 
| Problem 5. Suppoſe a Merchant. ſbip in 45d. 3pm. North Lati- 
tude, falls into the Hands of Pyrates, who take away his Sea- 

Compaſs ; after which he ſaileth as directly as he can 67Leagues 
between the South andWeſt, and at the end of two Days meets a 
Ship of War who alſo had been the Day before in 45d. 3om. 
North Latitude, and had ſailedthence SE by S. 39 Leagues 
Now the Merchant-ſhip left thoſe Pyrates lying to and fro where 
they robbed him, and the Man of War being deſirous to find 
them; I demand what Courſe he muſt ſhape to ſpeake to them? 
Anſw. North 61d. Eaſter 75 or NE by E half E. 
For this Problem in an Oblique Triangle, Two Sides and One 
Angle oppoſite given ; to find the Angle oppoſite to the other 
Kade; which Triangle is thus made. G 
I Deſcribe a Circle with the Chord of 60 Deg. and quarter 
it, on whoſe Diameter ſet N.E.S.W. and A at the Center 
| but (always) N at the upper Part, and at the E the Right 
| Hand of the Circle. | | 
2 Then lay 3 Points from S. to E. on the Circle, and draw 
| the SE by S Line, AD 39 Leagues long. 
| 3 With 67 Leagues, and one Foot on D, with the other 
| croſs the Line WAE (produced to the Eaſtward) in C, the 
Place where the Ship Fell in with thoſe Pyrates. | 

4 Then a Line being drawn from C to D its done: For A 
and Care both in the Latitude of 45d. 3om. and AD repreſents 
the Man of War's Courſe and Diſtance, and CD the Merchant. 
mam after he loſt his Compaſs ; ſo that the Angle ACD be- 
ing meaſured on the Scale of Chords, will ſnew her Courſe Tow 
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the Weſt towards the South, the oppoſite Point is the Man 
of War's Courſe North Eaſterly, to find thoſe Pyrates. 

Problem 6. 'Coaſting along Shore, I ſee two Capes of Land ; the 
firſt did (by the Compaſs) bear N. the ſecond WNW. then J 


{tood a U NW by N ꝙ Minutes, until the firſt beared from | 


me E. by S. andthe Second S. by E. the Bearing and Diſtance 
_ of them is required. | 
'* *Anſw. South 38d. om, Weſterly or S. W. by S. half W. 
arid NE. by N. half E. neareſt, Diſtance is Minutes 6.22 Part 
of a hundred: 3 
Nite, In all Queſtions of this Nature, you muſt, as a pre. 


parative Work, find the Diſtance of each Cape from the Ship | 


at firſt ſeeing them, or at laſt ſeting them; which is evident 


by the Projection, thus, 


. Having drawn a Circle, quarter'd it, and placed the 


Letters N, 8, E, W, and A: as directed in the laft Prob. pro- 
duce AN up higher, becauſe the firſt Bearing is North. 
2. Lay 
Line from the ſecond Capes Bearing. . — 
3. Lay 3 Points from N. towards W, and draw the NW 
y N. Line: Minutes long, from A to D, the Ship's Courſe, 
and: Dilteno& ., d eee? EN 
4. Then lay 7 Points from S. towards E, and laying a Scale 
on it and A. dra an E. by S. Line from D. carla to the 
Edge of the Scale, to cut the North Line in B. the firſt Cape. 
5. In like manner, lay 1 Point from S.\towards E, and lay a 
Scale on it and A, drawa S. by E. Line from D. parallel, to the 
Edge of the Scale, to eut the WNW. Line inG, the ſecondCape. 
6. Draw a Line from B to C, and its done: For the Line 
B. Gd. an e. the Bearing and Diſtance of the two Capes 
from each other, which being meaſured on the ſame Scale A. D. 
was taken from, will ſhew their Diſtance aſunder. And the 
Angle ABC meaſured on any Scale of Chords, will fhew their 
Bearing to the South Weſterly, or North Eafterly, 

But to find theſe'things by T71gomomretry it's neceſſary to find 
the Sides AB and AC ; or elſe the Sides DB and DC ; which 
is done in two Oblique Triangles * ABD, and ACD, in each 
all the Angles and one Side is given, to find a Side. 
And Nite, A repreſents the Place of the Ship at firſt ſecing 
the Capes, and D the Place at laſt Setting them.  . 

So that, when the Sides AB and AC, or DB and DC are 
found; then is heir either the Oblique Triangle ABC or BDC 
to work in; then BC (the Side common to both Triangles) 

With its agreeing Angles may be found; by which their Bear- 
ing and Diſtance from each other is diſcovered ; Ang in Bo 
* — — rlangle 


Points from N. towards W, and draw the WNW. 


8 
J 
> 
P 


ta 


Pr 
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Triangle there is two Sides and one Angle between them 
wen; to find the other Angles and third Side; which is to 
wrought as the third Problem of this Section. 
7 Problem 7. Suppoſe a Ship ſailing NW. two Iſlands appear in 
* fight, one bears WNW. the other N. from the Ship, and when 
the Ship hath ſailed © Minutes further, the firſt bears W by S. 
and the other NE. Their Bearing and Diſtance is required. 
v. Anſw. South 58d. 46m. Weſterly, or S W. by W. 4 W. and 
ut NE. by E.; E. Diſtance is Minutes 9. 7 Tenths, found out 
as before in the laſt Problem. | 
Problem 8 Three Ships ſail from one Port, the firſt ſails SW by 
W. the ſecond W. 978. W. and the r N. by W. 8 
Y Minutes; then the firſt bears from the third 8. by W. the ſecond 
"Mm bears from the third SSF.. The firſt and ſecond Ships Diſtance 
Jn, and their Bearing and Diſtance from each other is re- 
ed. 1 F 
* _ Anfw, Firſt Ship's Diſtance Minutes 10.45. ſecond's Dil- 
FF tance Minutes 4.65, their Bearing North 376. 14m. Eaſterly, 
or NE. by N; E. and SW by S W. Diſtance Minutes 6.75. 
ſe, This alſo is wrought by the Direction of the 6th Problem. 


Problem 9. Admit ſailing along Shore I ſee two Head-lands, the 
Eaſtermaſt bears NNE. and the Weſtermoſt NW. off me, at 
the ſame time an Iſland bears 8. then after I ſailed W 8 Mi- 
 nutes the firſt did bear NE. by E E. the ſecond NNE. and 

the land ESE. from me. The Bearing and Diſtance of theſe 
Places from each other are required? 
Anſw. The Head-lands bear North 88d. 54m. Weſterly or 

Eaſt and Weſt neareſt, Diſtance Minutes 7.95- The Eaſtermoſt 

Headland bears from the Iſland North 14d. zom. E. or N. by 

E. E. and S. by W. W. Diſtance Minutes 9-1 5, and the W elt- 

ermoſt Headland bears from the Iſland North 32d! Tym: Weſt, 

or NW. by N. and SF. by S. Diſtance, Minutes 10.6 Tenths. 
This is of the ſame Nature with the ſixth Problem, only 
there are three Things to be found as preparative, biz. the 

Diſtance of each Headland and the Iſland from the Ship, and 

conſequently in three Triangles both in the preparative, and 

ſubſequent Work, Proportions 'are made, which makes up 


eng nine ſeveral Statings, to reſolve this Problem. I's 

| The next 4 Problems are ufed in turning to Windward. 

1 Problem 10. Suppoſe the Wind South, and a Ship is bound to a 
1 ;) Port 400 Leagues directly to Windward, and makes her Way 
4% good within 63 of the Wind: I demand her Diſtance ſailed 
ach pon eachTack, to gain the ſaid Port ? 
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Anfw. 823 Leagues is the Ship's - Diſtance ſailed on each 


Tack. For it's thus projected by the Plain Scale. 


1. Deſcribe a Circle with the Chord of 60 Degrees, quarter 
it and place N. S. E. W. and A, as directed in Prob, 5. 

2. Lay 400 Leagues on the Meridian, from A (Southerly) 
to B. the Place the Ship is bound unto. AS 

3: From S. lay 63 Points towards F, and by it from A, 
draw the ESE3E. Line AC. b ee 

4. Alſo lay points from S towards W, and laying a Scale 
on it and A, draw a WSW IW. Line from B, parallel to the 
edge of the Scale, to cut the ESE. J E. Line in C, the Place 
where the Ship Tackt, and it's done: | 

For A repreſents the Place the Ship ſails from, B the Port co 
Leagues directly to Windward, AC equal to CB, the Ship's 
Diſtance ſail'd on each Tack; which being meaſured on the 
ſame Scale AB was taken from, will ſhew how much it is. 

But to work it by Tr: merry „ in the Oblique Triangle 
ABC, all the Angles and one Side AB being given, the other 
Sides AC and CB are found as in the Firft Problem of this Sec- 
tion e And becauſe two Angles are equal, the Sides oppoſite to 
them are alſo equal; therefore one Proportion finds AC and CB. 
Problem 11. The Wind SW. and a Ship plying to Windward, 

{making one or many Boards) having run goo £eagues ; that 

zs, 450 with the Larboard-Tack aboard, and 450 with her 

Starboard-Tack aboard, it got 390 Leagues diredly to wind- 

ward : I demand how near the Wind ſhe makes ber May? 

Anfw, 70d. zam. or 64 Points from the Wind. Which is 
thus delineated: by the Plain Scale. BH S091 

1, A Circle being deſcrib'd, quarter*d and letter'd, as hath 


l 


two 
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| AB repreſenting the Wind. 


73 
two equal Right-Angled Triangles, AD and BDC : whoſe Sides 
and Angles in each Triangle are equal to one another; ſo that 
one Proportion ſerveth to anſwer the Queſtion, 

For in the Right- Angled Triangle ACD. there is given the 
Hypotenuſe AC 450 Leagues, and Leg. AD 150 Leagues ; to 
fd the Angle CAD which is equalto the Angle CBD (the Ship's 
Courſe from the Wind) which is done by Axiom 1, of Plain 
Trigonometry, thus 

Hypot. AC ** Radius:: Leg. AD S. ACD = BOD 

450 Leap. ** S. god. :: 1 50 Leag. S. 19d. 28m. 

Which ſubtract from god. oomr 


Remainder is the Angle CAB = ABC 70d. 32m, or 6/pts. the 


| Ship's Courſe from the Wind SW. | 
| Problem 12. Admit a Ship bound to a Port that lieth SW by S. 


484 Leagues Diſtance, the Wind S by E. and makes her way 


good within 61 Points, of the Wind. Idemand howfar ſhe muſt 
ſail upon each Tack, to gain the Port? 


Anſw. 690 Leagues on her Larboard Tack, and 328 Let. 


on her Starboard Tack. Thus Demonſtratedby the Plain Sca 


1 The Circle deſcribed, 8 Sc. as formerly, lay: 
Point from S towards E, and by it and A, draw a S by E, Line 


2 From 8 towards W. lay 3 Points, and by it and A Draw a 
S$ W by S Line 484 Leagues long from A to C. 5 | 
3 From the Wind (S by E) lay 67 Points towards W, and by 
it and A draw a (SW by W. :W Line AD. * 
4 Likewiſe lay 6:Points from the Wind (8 by E.) towards E, 
on ĩt and A, lay aScale ; then from Cdraw a (E by S: E) Line to cut 
the Wind, (S by E,) Line in B, and the SW. by WV Line 
in D. and its done. For AD, and DC repreſent the Ship's Diſtance 
{ail'd on each Tack, which being meaſured onthe ſame Scale AG 
5 my from, will ſkew how much the Diſtance ſaild on each 
Jack is. | 
By Trigonometry it's thus: In the Oblique Triangle ACD, 
all the Angles and one Side is given ; tofind the other two Sides, . 
which is done by the firſt Problem of this Section. in Page 67. 
As S. ADC *t Side AC :: S. ACD .- Side AD. 4 
A. 3,Points ** 484leag, :: S. 101 Points : 690 Leagues is the 
Diſtance ſail'd on he Larboard Tack. 
As S. ADC Side AC :: Sine CAD +» Side CD. bo 
S. 3, Points ** 484 leag. :: S. Points · 328 Leagues, is the 
Diſtance ſaild on the Starboard Tack. | 
Problem 13. 1f two Ports lie SW by S. and NE by N. Diſtance 48 4 


Minutes, the Wind 8 by E. and a Ship ſails from the Northermoſt 


Port clofe upon @ Wind 695 Minutes, with her Larboard-Tack 
| aboard, 


I ay 
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aboard, and 332 with her Starboard-Tack aboard, and then ar- 


rives at the Southermoſt. Port. 
ſhe makes her Way good npon each Tack. 


N Anſw. 70d. zom. on one Tack, and 70d. 40m. on t'other; 
which is 6: Points from the Wind? that is SW by W. IW. with 


her Larboard- Tack, andEby S. E, with her Starboard-Tack. 
This done by the Plain- Scale. 


1. Diſcribe a Circle with a Chord of 60 Degrees, quarter it, 
ec. as formerly, then lay 3 Points from S. towards W, and by 
it and A draw a SW by S Line 484 Minutes long, from A to B. 
2. Lay 1 Point from S towards E, and by it and A draw the 
8 by E Line AC. 

3. With 695 Minutes (taken from the ſame Scale AB was taken 
from) and one Foot on A make an Arch: alſo with 332 Minutes, 
and one Foot on B. croſs the former Arch in D. . 

4. From D draw Lines to A and B, and continue the Line 
BD, till it cuts: the S by E Line AC in C, and it's done: For 
the Angles DAC, and ACD meaſured on the Scale of Chords or 
Rumbs, will ſhew how near the Wind the Ship makes her Way 
good on each Tack. | of Wy 

By Trigonometry, it's thus : In the Oblique Triange ABD, all 
the Sides are given, to find the Angles that is, AD 695 Mi- 
nutes, AB 484, and BD 332; to find the Angles BAD, and 
BDA; which is done by the Fourth Problem of this Sect. in 


Pages 68 and 69. 


The next Problems are concerning Currents. 


Problem 14. Suppoſe a Current Sets NNE.. 7. Minutes in a cer- 
. tain time, and à Ship ſails SSW, (by the Leg.) g Minutes in 
the ſame time What is her true Gourſe and Diſtance ? 


- Anſw. SSW. is. the Ship's true Courſe, and Diſtance 2 Mi- 


nutes : Which is evident by the Plain Scale, thus ; 


1. Having done as formerly as directed, in making a Circle 


Sc. Lay 2 Points from S towards W, and by it and A draw a 
SSW. Line 9 Minutes long from A to B. . 


2. With 7 Minutes (taken from the ſame Scale AB was 


taken from) and one Foot on B, croſs the Line AB in C, ſo that 


BC may be NN E. and it's done: For AC meaſured on the 


ſame Scale ſheweth the Ship's true Diſtanoe, or thus, | 


From the Ship's ſuppoſed Diſtance SSW. 9 Min. AB. 
Subtract the Current's Motion NNF. 7 Min. BC. 
Remains the Ship's true Diſtance SSW. 2 Min. AC. 
The like is done for the two next following Problems. 

| Problem 


I demand how near the Wind 


lem 


dect. V. Plain Sailing, the third Part. 
Problem 15. a Current ſet E, 4 Min. an Hour, a Ship ſails E, 
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(by the Log.) 5 Minutes. in an Hour ; The Ship's true "mo 
and Diſtance i is required, 


Anſw. The Ship's true Courſe is Eaſt, Diſtance nds 


problem 16. 4 Current ſetting WSW. go Minntes is a known 


time, and a Ships ſniling ENE. (by the Log.) 60. Minutes in 
the ſame time ; What is 8 true Courſe an Diftance ? 2 


 Anſw, WSW. 30 Minutes ; fo that the i is fallen e 


Problem 17. $ ppoſe a Current ſetteth E. 2 Minutes an Hour, 


and a Ship ſails S. 6 Minutes an Hour - What's her true Courſe 
and Diſtance ? 


fAnſw. South 18d. 26m. Eaſterly, ors by E: 1 .isthe Ship? 3 


true Courſe Diſtance. Min. 3 


By the Plain Scal: it's thus 3 


1. After a Circle is deſeribed, Ge. as formerly, then lay 6 
Minutes on the Meridian from A to B. - 
2. Draw BC parallel to WAE, and thereon lay 2 Minutes 
from B (towards the Right-hand) to C. 
Then draw a Line from A to C, and it's done; for the An- 
gle BAC is the Ship's true Courſe, and AC her true Diſtance. 

By Trigonomety it's thus: The Triangle ABC is a Right-angled 
Triangle, in which both Legs are given, to wit, AB 6 Mi- 
nutes. tbe Ship's ſuppoſed Diſtance, and BC Minutes , the' 
Current's Motion, to find the Angle BAC her true Courſe, 


and AC her true Diſtance; ae 1s done — 2 Axiom ihe, Firſt of 
Rais Trigonometry, 


In like manner problem 18 and 191s performed. 


Problem 18, If a a Shipſails fte Days together) by the Log Sv 
725 Minutes : in a Current that ſetteth {tn the fame time) 
S.E. 280 Minutes : W hat's the true Courſe and Diſtance 9 


Anfw, South 23d. gam. Weſterl 0 ss. is the Ship's 
true Courle, NED 5am Min. Fx : : 


Problem 19. Admit a Ship ſails W. 730 Minutes thwart a Cur - 
rent ſetting to the Southward ; and then by Obſervation ford 
the Difference of Latitude is 4d. or WP hun, 8 Idemand i 
true hag and Diſtance. 

Anfeo. 
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- Anſw. South 71d. 48m. Weſterly, or WSW. W. is the Ship's 
true Courſe, Diſtance 768 Minutes, 


Problem 20. If a Ship ſails S by E. 36 Minutes in a Currant, 
and, then arrived at a Port, whichlieth from the Place ſhe de. 
perted from SE by S. Diſtance 54 Minutes: I demand the Cur. 
rent's Motion both in Quality, and Quantity ; that is, how 
it ſetteth, and how faſt. | 


Arnſw. Current ſetteth South 67d. 20m. Eaſt, or ESE. is the 
Drift of the Current as to Quality and Minutes, 24.9 Tenths is its 
Drift as to Quantity. By the Plain Scale, thus. 

1. As before, having deſcribed the Circle, Sc. lay 1 Point 
from S. towards E, and by it and A draw a 8 by E. Line 36 
Minutes long, from A to B. 

2. Lay 3 Points from S. towards E. and by it and A, draw 
a SE by S. Line, 54 Minutes long from A to C. | 

3- Then draw a Line from B to C, and it's done : For the 
Angle AC B meaſured (onthe Scale) ſheweth the Current's Mo. 
tion as to its Quality, which way from the SF. by S. and the 
Side BC meaſured (on the Scale) ſheweth the Cuarent's Moti- 
tion as toits Quantity, how much, or how faſt. 


But by Trigonomety, it's thus, 


In the Oblique Triangle ABC, there is given, two Sides and 
an jucluded Angle; that is, the Side AB 36 Minutes, the Side 
AC 54 Minutes, and the Angle BAC two Points or 22d. 30m. 
to find the Angles ABC, AC B and the Side BC; which is done 
by the third Problem of this Section. 


Ptoblem 21. Suppoſe a Ship ſails from a certain Capeor Head. 

land and (by the Log) in 24 Hours, runneth SSW. 49 Minutes 

in a Current ſetting between the N. and the W. and then the 

Cape did bear ENE. and by Obſervation, the Ship's Difference 

- of Latitude was 30 Minutes, I demand the Current's Motion; 
that is, uponwhat Point of the Compaſs, and kow faſt + 


Anſw. The Current ſets North 74d. o7m. Weſt, or WN 
W. W. neareſt, and at the Rate of Minutes 2.32 an Hour. Thus 
demonſtrated by the Plain Scale. | 

1. After the Circle is deſcribed, quartered, &c. lay two 
Points from S. towards W, and by it and A, draw a SSW. 

Line 49 Minutes long, from A to B. 1 
2. Lay fix Points from S. towards W, and by it and A draw 
a WSW. and ENE. Line AC. 3. Lay 
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3. Lay 30 Minutes on the Meridian AS from A to D, and 
from D draw a Weſt Line parallel to AW, to cut the WSW 
Line in C. 

4. Then draw a Line from B to C, and it's done: For the 
Angle ABG being meaſured on the Scale. ſheweth the Current's 
Motion from SSW. and the Side BC being meaſured ſheweth 


how faſt. 
By Trigonometry it's thus; | 
I. Inthe Right Angle Triangle ADC, there is given, the Leg 
AD 30 Minutes, Angle DAC 6 Points, and Angle ACD 2 Points 
to find the Hypotenuſe AC, which is done by Axiom Frſt of 
Plain Trigonometry. | 
2. Thenin the Oblique Triangle ABC, there is given, the Side 
AB 49 Minutes, the Side AC found before, the included 
Angle BAC. 4 Points or 45d. to find the Angle ABC (the Cur- 
_ Motion from SSW. ) and the Side BC, it's Motion how 
, 4 
Let this ſuffice, for (tho? many more Problems — be in- 


vented in) the Firſi Part of Navigation, commonly called Plain- 
Sailing. Mercator's-Sailing is next in order. 


ä 


— — 


CHAP. IV. 


The Second Part of Navigation, or the Doctrine of Plain 
Right Angle-Triangles, applied in Problems of Mer- 
cator's-Sailing. 


| 1 Count it neceſſary to deſeribe Mercator*s- Chart, and ſhew the 
Uſes of it, before the Problem of Sailing by it, which by 
this Method will the eaſier be underſtood. | 


Sect. I. The Deſcription andUſe of Mercator's. Chart. 


T HIS Projection ſuppoſeth the Earth and Sea to make one 
round Body or Clobe, in order to : he right underſtanding 
of it, obſerve the following Definitions. 

1. Upon this Earthly Globe is imagined two oppeſite Poin 
one called the North Pole, the other the South Poie ; as P, an 
J. Plate 5. Fig. 1. 5 

2. In the Middle between thoſe two Poles, or equally Diſtant 
from each, is drawn a Line round the Globe, called the Equator, 

from which Latitude taketh its Beginning, and in which Longi- 
tude is reckoned; as AQ. 3 
a 5 Any Cirele drawn through both Poles, is called a Meridian, 
as PMI. PNI. c. anſwerable chereunto is any North or South 
Linedrawa in the Chart. 720 4 Thoſe 


Wy 


J . 


78 A Deſcriptionof Mercator'i Chart. Chap. IV. 


4. Thoſe Circles which are parallel to the Equator, are called 
Parallels of Latitude; as It, z It, &c. and are repreſented in the 
Chart by the Eaſtand Weſt Lines. 

Latitude of a Place is the ( neareſt) Diſtance of any Parallel 
alling over it from the Equator ; from thence counted both ways 
to each Pole, ending in 90 Degrees the greateſt Latitude. 
6. North 7 atitude „is on that Side the Equator towards the 
North Pole, and South Latitude on the other Side of the Equa- 
tor, towards the South Pole. | 

7. Difference of Latitude, is the E Diſtance between 
any two Parallels, and ſhewethhow far one Place is to the North- 
ward or Southward of another; it never exceeds 180 Degrees. 

8. Longitude, is reckon'd in the Equator, round which (b 
ſome) it's counted encreafing to the Eaſtward till it end (where it 
firſt began) in 360 Degrees the greateſt Longitude : Others (as 
Mr. W akely in his Mariner”s Compaſs Recti fied) reckon it from one 
Meridian both Eaſterly and Weſterly, till both Accounts meet at 
180 Degrees in the oppoſite Meridian, as the aforeſaid Book be- 
gins Longitude at the Meridian of London, and from thence 
counting Eaſterly, Eaſt Longitude 180 Degrees, and Weſterly, 
Weft Longitude 180 Degrees, at which both Longitudes end. 
8 Difference F Longitude is that Diſtance or Portion of the 
Equator contained between the Meridians of any two Places, 
and ſheweth (inthe Equator) how far the Meridian of one Place, 
is tothe Eaſtward or Weſtward of the Meridian of another, and 
never exceeds 180 Degrees. | 
From theſe Definitions, or Principles, there muſt neceſſarily 
follow theſe Theorems. | 

1. The Diſtance of any two Meridians, in any Parallel of Lati« 
tude, is leſſer than their Diſtance in the Equator. | 


2. The Degrees of Longitude diminiſh towards each Pole; 


and the nearer the Pole, the leſſer they are. 

3- The Degrees of Longitude are equal in all Places or 
Parts of the Globle. Aide | 

4. The Plain Chart, which counteth the Degrees as well of 
Longitude, as of Latitude in all Places to be Equal, is notori- 
ouſly falle. 

5. Mr. Wrights Projection (commonly known by the Name 
of Mercator's Chart) wherein though the Degrees of Longi- 
tude are equal, having the Meridians Parallel to one another ; 
the Degrees of Latitude are enlarged towards each Pole, in the 
ſawe Ptoportion as the Degrees of Longitude diminiſh on the 
Globe, which will in all reſpects agree with the Globe, and is 
a true way of Sailing, let ſome ſay what they will to the con- 


'Theic 
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The Definitions and Theorems duly confider'd, there needs uo 10 n 
more for the Deſcription of this Chart, it having only this Dif- ; 90 f 
ference from the Plain Chart, before deſcribed in Chapter 3. 04 


— 
* 


aw * — 


Section 2. in Page 51. that the Equator is divided and numbred 
in Degrees, as the graduated Meridian is; and without any 
further Deſeription, the Uſes are as follow. 
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Problem 1. To find the Latitude of any Place in the Chart. 


—_ „„ 
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This was taught before in the Uſe of the Plain Chart, in Page _ 1 
5 aud needs no further Rule and Example. | 


Problem 2. Tofindthe Longitude of any Placc in the Chart. 


Rule 1. Take the neareſt Diſtance from the propoſed Place | 
to any Meridian. G 


| 2. Move the Compaſſes (being kept at that Diſtance) with 
Zone Foot on the Meridian, till both Feet come to the Equator, 
ad the Foot which ſtoot on the propoſed Place ſheweth its 
Longitude required. 
Example. I demand the Longitude of the Lizard in Englandd 
Anu. gd. 4om. aceordiug to the old Way of computing the 
Longitude from the Meridian of Pico Teneriffl But 5d. 24m. 
Weſt Longitude, counting Eaſt and Weſt Longitude from tha 
3 of London, according to the Mariners Compaſs Recti- 
ied. 

Note, Some Charts begin Longitude at the Lizard counting 
from thence Eaſtward and Weſtward. | 


Problem 3. To find the Courſe 8 Bearing of any two Places in the 
Chart. 
r This is done as before in the Uſe of the Plain Chart, in Page 
52 and needs no Example. 


i. i Problem 4: Fo find the Diſtance of any two Places inthe Chart. 


In this Problem are four Caſes ; the two Places may be ſitu- a 
ated under one Meridian, under the Equator, or in one Parallel, 
or they may differ both in Latitude and Longitude. 


Caſe 1. Two Places under one Meridian, (that is, they differ 
| only in Latitude) being given; to find their Diſtance. *© 


The Rule. Find the Difference of Latitude between the two 
ven Places, and its the Diſtance required. : 
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How to find the Difference of Latitude between the two 
Places, has been taught in Chap. 3. Section 3. of Plain Sailing, 


in Page 55. 14 
Caſe 2. Two Places in the Equator given; to find their Diſtance 4 
The Rule. Find the Difference of Longitude between them, 

and it's the Diſtance required. 7 
How to find the Difference of Longitude, will be ſnewed in qua 
the next Section. | the 
abo 

Caſe 3. Tuo Places in one Parallel (that is, they differ on er; 
in Longitude) being given, to find the Diſtance. whe 

The Rule. 1. Take the Diſtance between the given Places j eth 
the Compaſſes. | tor 


2. Lay that Diſtance on the graduated Meridian, ſo that on: A 
Foot may be as many Degrees above the Parallel of the given part 


Places, as the other below it; there ſtay the Compaſſes. the 
3. Count the Degrees between the Feet of the Compaſſe;Þ the 
andit's the Diſtance required. T 


Example. I demand the Diſtance from the Lizard in England Sail 
to Pengwin Ifland on the Coaf? of New-found-land, both being ii Geog 
the Latitude of 50d. com. North or near it. 

Hear the Diſtance from the Lizard to Penguin Iſland, ap. Sect 

lied to the Meridian as directed, will reach from 36d. 30m. to 

3d. 30m. the latter being as much above 5od. oom. as the for- 
mer is below it; and the Degrees intercepted are 27 Degrees, 
or 540 Leag. which is the Diſtance required. Or thus, 

Take the Length of a Degree in the given Latitude, as here 


from 49d. 3om. to 5od. 3om. turn that over in a ſtreight Lin tu 
from the Lizard to Penguin Iſland, and it's 27 times; which 4 
ſhews the Diſtance 27 Degrees as before. Af 
rai 

Caſe 4. Two Places differing in Latitude and Longitude being lar 
given, to find their Diſtance. | pul 

| an 
The Rule 1. Take their Difference of Latitude fromtheEquatoſY I. 

2. Lay a Rule on both given Places, apply that Diſtance I in the 

to the Ruler's Edge, that when one Foot is placed cloſe tc Lond: 
the Ruler, and the other turned about, it may juſt touch ſom! the D 
Eaſt and Weſt Line, croſſed by the ſaid Ruler's Edge, ther of La 
ſtay the Compaſſes. | arde 
3. Then the Diſtance (by the Ruler's Edge) from the Plaeſ from 
where the Compaſſes reſted to that Place where the Ruler cro Ex ro 


eth the aforeſain Eaſt and Weſt Line, meaſured on the Equi Diff 
tor, giveth the Diſtance required. e 
| Examfph 


Sect. II. The U /e of Mercator's Chart. $r 


Example. | 
I demand the Diſtance from the Lizard to the Iſland Barbadoes ; 
The Lizard's Latitude is 50d. oom. 


| by Prob. I. 


And Barbadbes Latitude is I 3d. oom. 
Their Difference of Latitude 37d. 00M. 


Then take their Difference of Latitude 37 Deg. from the E- 
8 quator, and laying a Ruler on both places, apply one Foot of 
the Compaſſes fo to the Ruler's Edge, that turning the other 
about, it toucheth an Eaſt and Welt Line, croſſed by the Rul- 
er; then the Diſtance (by the Ruler's Edge) from the place 
| where the Compaſles reſted to the place where the Ruler croſſ- 
eth the aforeſaid Eaſt and Weſt Line, meaſured on the Equa- 

tor is 50d. 4om. or 1133 Leagues, the Diſtance required. 
16 And here obſerve ; the Meridian Line, and Line of Equal 
| parts next one another on the Gunter ; the firſt is, or may be 
the Meridian, and Degrees of Latitude in a Mercator”s Chart ; 

8 the latter, the Equator Line and Degrees of Longitude. 
Thus much for the Uſe of Mercator's- Chart, Problems of 


0, Sailing by it are next; but firſt ſome preparatory Problems in 
| Geography. 


Section II. Some neceſſary Geographical Problems 1ſeful in 
Mercator's- Sailing. 
or- * Problems properly belong to Geography, but are 
neceſſary in Sailing by Mr. Wright's (commonly called 
Mercator*s) Chart, and for that Reaſon are placed here. 
ere Note ; That all the places mentioned in this Book, their Lati- 
in tudes and Longitudes, were taken from a Chart, Intituled, 
hie A new and exact Chart, containing the Sea-Coaſt of Europe, 
Africa, and America; from England to Cape Bona Eſpe- 
rance, and from New-tound-land to the Straits of Magel- 
My: lan, according to Mr. Edward Wright's Projection, and 
'W publifbed by J. Thornton, W. Fiſher, J. Seller, J. Colion, 
and James Atkinſon. | 
ator This Chart has been new made and lately corrected, where- 
ce in the Longitude of Places is reckoned from the Meridian of 
e i endon, agreeing with the Mariners Compaſs Redified: As for 
{onW{'be Diſagreement that may be found between it and Tables 
ther ff Latitude and Longitude in other Books, tis not to be re- 
res: becauſe the Tables themſelves conſiderably differ 
1. from one another, as may appear by the following Problems. 
coll Problem 1. The Latitude of two places given; to find their 
qua Difference of Latitude. 
R F | Rule 


nt! 
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Kuce 1, Tf the two places are upon the ſame Side of the E- | th 
quator, that is, both in North Latitude, or both in South La. th 
tirude ſubſtract the leſſer Latitude from the greater, the Re. Ru 


mainder is the Difference of Latitude. 


Rule 2. If one place be on one Side of the Equator, and the 
the other place on t'other Side; that is, one place in North _ 
Latitude, the other in South ; add the two Latitudes together, 1 
and th Sum is the Difference of Latitude. 15 

Cliſegue, 1. If a Ship ſails from a greater North Latitude to Ny 
a leſſer, ſhe ſails Southerly; and if a Ship fails from a leſs ; 
North Latitude to a greater, ſhe fails Northerly, which is 4 
called railing the Pole. | 

2, If a Ship fails from a great South Latitude to a leſſer, | A 
ſhe ſails Northerly ; but if ſhe fails from a leſs South Latitude 
to a greater ſhe ſails Southerly. E 

3- When a Ship croſſes the Equator, and fails from North ok 
Latitude intoSouth, theDifference of Latitude isSoutherly ; or WM i 
if ſhe ſails from South Latitude into North, ſhe falls Northerly. | T 


Example 1. I demand the Difference of Latitude between the 
| Lizard and Iſland of Barbadoes. 


'The Lizard . — 5. oom. 
I. Barkatics Latitude J —.— dl. 25m. J North. 


Their Difference of Latitude by Subtraction 36d. 35m. equal 
to 2195 Minutes. 


Example 2. To find the Difference of Latitude between Iſland 
Barbadoes and Ifland St. Hellena. | 


| Barbadves 9; zd. 25m. North 
Iſland St. Hellena 5 in Latitude 1 6d. oom. South 


Their Difference of Latitude by adding, is 29d. 2 5m. equal 
to 1765 Minutes. 


Problem 2. The Latitude of one place, and the Difference if 
Latitude between that and another place being given; to find 
the Latitude of the latter place. 


| The Rule. | 
The Latitude, and Difference of Latitude given, being of 
One Sum ? 


a contrary | Name, their 3 Dit. 
; | Or thus in two Rules, 


Rule 1. In 3 Noun | Lat. ſailing to the TH | ward, ” 
| c 


is the Latitude required. 
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the Difference of Latitude to the given Latitude, the Sum is 

the Latitude required, of the ſame Name. £4 1 
North 11 South 7 ward, ſub- 

Rule 2. In 3 South : Lat. failing to the I wth 0. ra 

the leſſer from the greater, the remainder is the required La- 

titude, of the ſame Name that the greater is. 

Example 1. Sailing from the Iſland Barbadoes North E 2/t- 
ward, until the Difference of Latitude be 372 Leagues ; That 
Latitude is the Ship in? 

I. Barbadoes Latitude i 1d. 25m. Nort! 

The Difference of Lat: 372 Leag. or 18d. 36m. Norther 


Add, is the Latitude the Ship is in — 31d. 61m: Northerly 


Example 2. From the Lizard, a Ship fails Souti weſtward, 
until the Difference of Latitude be 137 Leagues; what Latitude 
is the Ship in? | | 

The Lizard Latitude i 50d. oom. North 

The Difference of Latitude 137 Leag. 6d. 51 m. Southerly 


The Lat. the Ship is in by Sub. is — 43d: om. North 


Example 3. From St. Hellena 'a Ship ſails Nortkweſtwards 
until the Di fence of Latitude be 419 Leagues ; what Latitude 
is the Ship int ? | 

I. St. Hellena Latitude is 16d. com. South 

The Difference of Lat. 419 Leag. or 20d. 57m: Northerly 


Latitude the Ship is in. — 4d: 57m. North. 
Iroblem 3. The Longitude of two places given; to find their 
Difference of Longitude. 
l A Ccording to the old way of counting the Longitude, 
the Ku is thus; 
Subtract the leſſer Longitude from the greater, the Remain- 
er (if leſs than 1 80 Degrees) is the Difference of Longitude j 


if ut if the Remainder be more than 180 Degrees, ſubtract it from 
/ 


end o Degrees, the laſt Remainder is the Difference of Longitudes 
2. According to the new way of counting the Longitude 
i the Mariners Compaſs Recti ed. The Rule is thus; 

If both Longitudes be Eaſt, or both Weſt, ſubtract the leſſer 
om the greater, the Remainder is the Difference of Longy- 
ade; but if one be Eaſt, and the other Weſt, add them toge- 
er, and the Sum (if it exceeds not 180 Degrees) is the Dif- 
rence of Longitude ; and when the Sum doth excecd 189 
egrees, ſubtract it from 360 Degrees, the Remainder is the 
erence of Longitude required, ety. 

' i BOD Example 


According to the old Account, Long. of 3 
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Example 1. I demand the Difference of Longitude, between 
the Lizard and Iſland Teneriffa, one of the Canary __ | 
m. 
Lizard is 9 42 
I. Teneriffa o 00 
The Difference of Longitude by ſubtraction is —— 9 42 
According to the Mariners F Lizard is 5 24 W 
Compaſs Longitude of I.Teneriffa 17 og W 
Their Difference of Longitude by Subtraction is 11 41 
The Difference of Longitude between theſe two places, 
are very different in ſeveral Books, therefore all in this Book 
are taken from the Chart aforeſaid, or from the Mariners 
Compaſs Recti ſied. 


Example 2. V hat's the Difference of Longitude between the 


Lizard and Iſland Barbadoes. ? 
By the Mariners Com- F Lizard 


— — 5d. 24m. W 


paſs, Longitude of N I. Barbadves 53d. 04m. W 


Subtract is the Difference of Longitude 47d. 40m. 
equal to 2860 Minutes. 
Problem 4. To know when the Difference of Longitude between 
any two places, is Eaſterly, or Weſterly. 
re Cording to the old way of counting the Longitude, the 
Rule 1s thus ; 

If the Remainder (firſt found) be leſs than 180 Degrees, and 
ou are bound to that place which hath (of the two) the greater 
ongitude, then is the Difference of Longitude Eaſterly; but 

if you are to ſail to the leſſer, it's Weſterly ; and when the firſt 


Remainder is more than 180 Degrees, it's juſt the contrary. 


2. According to the Mariners Compaſs Rectif ied, The Rule 
is thus; 

When the Longitude of the two Places are both Eaſt or both 
Weſt, and you are to fail to the greateſt Longitude ; then the 
Difference of Longitude is (according to the Name of the 
Longitude) Eaſt or Weſt, but if bound to the leſſer Longitude, 
then is the Difference of Longitude contrary, that is Weſtin 
Eaſt Longitude, and Eaſt in Weſt Longitude : And if one 
Place lies in Eaſt Longitude, and t'other in Welt, the Differ- 
ence of Longitude between them, is according to the Name 
of that Longitude you are bound unto, that is, Eaſt, if to 
Eaſt Longitude ; and Weſt, if to Weſt Longitude. 

Problem 5. The Longitude of one place, and the Difference f 
Longitude between that and another place, being given; 1 
find the Longitude of the laſt place. 

J. A cording to the old way of counting the Longitude, the 

f Rules are theſe following. 2 

ule 
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Rule 1. Sailing to the Eaſtward, add the Longitude and the 
Difference of Longitude together, the Sum, (but if it exceeds 
360 Degrees, ſubtract 360 Degrees therefrom, the Remain- 
der) is the Longitude of the laft place. i 

Rule 2. Sailing to the Weſtward, ſubtract the Difference of 
Longitude from (but if the Difference of Longitude be the 
greateſt, add 360 Degrees to) the Longitude of the firſt place, 
the Remainder is the Longitude required. 

2//ly, According to the new way of counting the Longi- 
tude in the Mariners Compaſs, the Rules are theſe. | 

Kt 1. In Eaſt Longitude ſailing to the Eaſtward, and in 


Hel. L noitnde, ſailing Weſterly : add, gives the Longitude of 


tt aſt lade (it it exceeds not 180 Degrees) agreeing with 
the Name of the firſt place; but if it does exceed, ſubtract it 


from O Degree, the Remainder is the Longitude required 


of a c trary Name to the firſt. 
Rule 2 In Eaſi Longitude ſaileth Weſterly, and in Weſt Lon- 
e [oteth Eafterly ſubtract, gives the Longitude of the 
aſt place, whoje Name agrees with the greateſt. 


Example 1. Sailing from Barbadoes North-Eaſterly, till the 
Difference of Longitude be 275 Leagues, what Longitude is 
the Ship in ? | 


„. . 
By the Mariners Compaſs, Long. of the ]. Barbadoesis 58 o 


The Difference of Longitude is 275 Leagues or — 13 45 K. 
Subtract, gives the Longitude the Ship is in 44 19W 


Example 2. From the Lizard a Ship fails South Weſterly, till the 
Difference of Longitude be 352 Leag. What Longitude is the 
Shrp in? | ee Ma 

By the Mariners Compaſs Longitude of the Lizard is 5 24W 

The Difference of Longitude is 352 Leagues —— 17 30W 

Add, gives the Longitude the Ship inis — 22 60W 
Thus much for the Preparation to Sailing by this Chart, the 


Problems are next. 


| Sec, III. Containing Problems of ſailing by Mr. Wright's 


Chart, commonly called Mercator's Sailing. 


N the working of theſe Problems, a Table of Meridjonal Parts 
1 is neceſſary ; accordingly out of Mr. Wright's Table, have I 
drawn one to every fifth Minute of Latitude, counting the Me- 
ridional Parts in Miles, or Minutes of the Equator ; which 
Table you will find placed before the Table of Logarithms, 


| whoſe Uſe is to find the Meridional Difference of Latitude, be- 


tween any two given Latitudes, and that is done by the next 


| Problem, F 3 Problem 


III. E FLa t. bo 3d.25 m. N. 8. buen ans 812 
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Problem 1. To find the Meridional Difference of Latitude, or 
the Difference of Latitude in Meridional Parts. 


| The Rule is; 
The Latitude of ; a contrary : name ;the 55 en | of the 


Meridional Parts (found by the Table of Meridional Parts) an. 
ſwering to the Degrees and Minutes of each Places Latitude, 
is the Meridional Difference of Latitude required. 


Exam. 1. Iſl. Barbadoes and St. Thome, an Iſland on the Coaſt 


of Gabon in Africa: What is the Meridional Difference «f 


Latitude? 
3 N Minutes 
arbadoes 13d. 25m.N 812 
Iſland E e {La ti. 9024 8 I Mer. „ 
 Meridional Difference of Latitude - 812 


Example 2. The Lizard and Iſland Barbadoes What is their 
Meridional Difference of Latitude ? 


33 F Minutes 
1ZAY | . Od. Oom. { . 3474 
29 Latitude ; t 2d.25m0. 5 N. Merid. Parts 3812 
Subtract, gives che Meridional Difference Latitude 2662 


Example 3. Ifland Barbadoes and Iſland St. Hellena: hat is 
heir Meridional Difference of Latitude? 
Minutes 


St. Hellena 16d. — 


973 
1785 


Add, gives the Meridional Difference of Latitude 


Problem 2. The Latitude and Longitude of two places given; 
to find their Courſe andDiſtance. 
Example, Mat is the Courſe and Diſtance from the Lizard to 
She 3 Barbadoes, 
| Min. 


Lizard 5 .00N 3474 5. int 
Heard Tas 13. der Pts. j 612 5 Lon. : 8.04W 


Dif. of Lat. 36, 35 8. Mer. Diff. Lat. 2662 Diff. Lon. 85 0 W. 
O 


6— 
* . 


or 2195 Min. or 3160 Min, 


This 


Ci 
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This Rectangle Triangle ABG (Plate 3. Fig. 5.) is made by 
Problem 1 3. of Practical Geometry, after this manner. 

1. From A repreſenting the Place failed from, lay the Me. 
ridional Difference of Latitude to B. 


2. Draw BCperpendicular to AB, and thereon lay the Dif- 
ference of Longitude from B to C, 

3. From A to C (repreſenting the Place the Ship is come to) 
draw a Line, which concludes the Triangle ABC, Right-angled 
at B, whoſe Angle BAC meaſured on the Scale of Chords or 
Rumbs, ſhews the Courſe of Bearing of the two Places, 

4. Take the Difference of Latitude, and lay it on the Me- 
ridian from A to D. and draw the Line DE, parallel to BC, 
to cut AC in E, and it's done: For if AE be meaſured on the 
ſame Scale AD was taken from, it ſheweth the Diſtance be- 
tween the two Places. | 3 

But to reſolve it by Trigonometry, there are two Rectangle 
Triangles, ABC, and ADE; in the former you muſt; 

Note, 1. The Leg AB, is the Meridional Difference of 
Latitude. 

2. The Leg BC, is the Difference of Longitude. 

3. The Angle BAC, is the Cour ſe or Bearing. 

4. The Angle AC B, is the Complement of the Courſe. 


Secondly, And in the Rectangle Triangle ADE. 
1. The Leg AD is the proper Difference of Latitude. 
2. The Hypotenuſe AE, is the Diſtance of the two Places. 
3. The Leg DE, is the Departure from the Meridian. 
4. The Angle DAE, is the Courſe or Bearing. 
5. The Angle AED, the Complement of the Courſe. 


Theſe Things being premiſed, the Proportions are the lame 
as in the Doctrine of Plain Right- Angle Triangles, as followeth: 


1. For the Courſe, the Proportion is thus: 

If the Leg AB is made Radius, then the Leg BC is the 
Tangent of the Angle BAC, and therefore it is, 

As the Meridional Difference of Latitude, is to the Radius 
ſo is the Difference of Longitude, to the Tangent of the 
Courſe : But more briefly thus ; | 
Merid. Diff. Lat. ++ Diff. Long. :: Radius T. of the Courſe 

2602 Minutes 3160 Min.:: T. 45d. T. 49d. 5om. 
Which being turned into Points of the Compaſs, makes the 

Courſe to be SW. 1 W. nearly. 

2. To find the Diſtance the Proportion is thus: 

Making then Hypotenuſe AE Radius, the Leg AD is the 
Sine of the Angle AED, or the Sine Complement of the 
Courle, and therefore it is, | 2 Wi, As 
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As the Sine Complement of the Courſe, is to the proper 
Difference of Latitude; ſo is the Radius, to the Diſtance in 
the Rumb. Or more briefly thus ; 

S. c. Courſe *+ Diff. Lat. :: Radius + Diſtance required. 

8. 40d. 1om. . 2195 Min.:: S. god. 3417 Minutes. 
Note, The Meridional Difference of Latitude may be found 
by the Cunter”s Scale thus: 

Extend the Compaſſes from the Latitude of 50d. oom. (on 
the Meridional-line) to the Latitude 13d. 35m. on the ſame 
Line ; that Extent meaſured on the Line of Equal Parts, will 
be 44 *m. or 26604 Minutes, the Meridional Difference of La- 
titude, which is but 2 Minutes more than by the Table. 


Problem 3. Both Latitudes and Courſe given; to find the Di- 
Fance and Difference of Longitude. 


Example. A Ship ſails from the Lizard, and makes her 
Courſe (when Variation, Lee-way, c. allowed for) to be 
S. 39d. W. or S. W. by S. W. and then by Obſervation, is 
in Latitude 45d. 31m. North; I demand the Diſtance Run, 
and the Longitude ſhe is in? 

d. m. Minutes 


Lizard . 50 CON „ gap 3474 

Obſerved 5 Latitude 45 31N 0 Meridional Parts 3074 

Difference of Lat. 4 29 Mer. Diff. Lat. 400 
60 


Or —— 209 Minutes. 

To delineate this, or any of the ſeven next Problems, by 
the Plain Scale, as alſo their Reſolutions by Trigonometry, 
the Directions and Notes in the foregoing Problems may 4 
ſufficient Inſtructions, and therefore they are omitted till I 
come to Problem 10. 

1. To find the Diſtance, the Proportion (as in Plain-Sa:l- 
ing is thus; 1 

S. c. Courſe ++ Diff. Lat.: : Radius · Diſtance required. 

S. 51d. oom. 209 Min. :: S. god. *+ 346 Minutes. 

2. To find the Difference of Longitude, the Proportion is thus; 

Radius T. Courſe :: Meridi. Diff. Lat. Diff. of Longit. 
T. 45d. T. zodeg. :: 400 Minutes 325 Min. or 5 25 
Or thus; the Extent on the Meridional Line (on the Gunter) 

from Latitude 5od. com. to Latitude 45d. 31m. meaſured on 

the Line of Equal Parts, in 6d, m. the Meridional Difference 


of Latitude ; and then you 


ſay. | 
T. 45d. © T. 39d. :: 6d.7 gd, 8 or 5d. 24m. the Diffe- 


pence of Longitude near as above. 8 
3. Then 


=h 
r 
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2. Then to find the Longitude the Ship is in, it's thus, 
Longitude ſailed from 


— — 5d. 24m. Weſt, 
Difference of Longitude 345 Minutes or 5d. 25m, Weſt. 


6 ———— 


Longitude the Ship is in —— — 10d. aom. Weſt. 


Problem 4. Both Latitudes and Diſtance given; to find the Courſe, 
and Difference of Longitude. 

Example. If aShiprunneth 300 Minutes NorthWeſtward from 
a Port in Latitude 37d. N. and Longitude 1od 25m. W. until ſhe be 
in Latitude 41d. North: I demand the Courſe and Longitude 
ſne No ? 13 Min. 
Sailed from . 37d. Nort . 2 
Shipis in : Latitutde 41d. North 5 Merid. Parts : 393 


Difference of Latitude 


4 North. Merid. Diff. Latit. 


Or 240 Minutes. | 
1 To find the Cola the Proportion (as in PlainSgiling)is thus; 
Difference . Radius:: Diff. Lat. · Sc* Courſe 
300 Min. S. od.: 


240 Min. . S. 53d. 8m. Which 
ſubtract from - 


- — god. oom. North 


Remainder is the Courſe 


— 36d. 52m. North 


Weſterly 3;, Points ofthe Compals, which makes the Courſe 


to be N. W. by N 7, W. neareſt. | 
2. To find the Diff. of Longitude, the Proportion is thus; 


Radius T. Courſe :: Merid. Diff, Lat. Difference Long. 


T. 45d. ++ T.3z0d.52m :: 309 Minutes 232 Min. or 3d. 52m : 5 
Or thus, the Extent (on the Meridional Line on the Gunter } 
from Latitude 37d. to Latitude 41d. meaſured on Equal Parts, 
is 5d. 1om. Meridional Difference of Latitude. And then ſay, 
T. 45d. T. 36d. 52m. :: 5d. 15 3d. 88 Parts of 1 oo, or 3d. 
52m. the Difference of Longitude as before. 
Longitude failed from ————— 


hn a — Iod. 25m. VWek. 
Difference of Longtude is 232 Minutes or 3d. 52m. Weſt. 


Longitude the Ship is in- — 


- 14d. 17m. Weſt 
Problem. 5. Both Latitudes and Departure from the Meridian 
given ; to find the Courfe, Diſtance and Difference of Longitude. 


Example. A Ship in Latitude oe. om. North, and Lon- 
gitude 5d, 24m. Weſt, fails South Weſtward, till her Depar- 
ture is 789 Minutes, and by Obſervation is in Latitude 399. 


20m. North : I demand the Courſe, Diſtance failed, and what 
Longitude the Ship is in? 


The 
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The Proportion for the Courſe and Diſtance are the ſame as 
in Chapter 3. Section 3. Caſe 6. of Plain Suiling, in Page 60 to 
which I relic you and here omit them. 

- 3. 'To find 7 e of Longitude the Proportion is; 
Departed 5od. 10m. N 1; : 
Lat. es * ns d. 20m. N | Meridional Parts 195 min 
Differenceof Lat. 10d. 5om. S. Merid. Diff. Lat. 919 Min, 
600 T5- ta 
Difference Lat. 650 Minutes. Then you may ſay, 7 
As Di f. Lat. Departure e Merid. Diff. Lat. Di 7 Fab of Long, 
As 650 Min. 789 Min.:: 919 Minutes 1116m. or 18d. 36m. 

Or thus; the Extent (on tne Meridional- line on the Gunter) 
from Latitnde 0d. 10m. to Latitude 39d. 20m. meaſured on 
the Line of Equal Parts, is 15d enths the Meridional Dit. 
ference of Latitude. And then fay, 

As 6;0Minntes ** 789 Min. :: 1 51 3 Tenths 18d. 6 Tenths 
or 18d. 36m. the Difference of Longitude as before. 

Then to find the Longitude the Ship is in it's thus, 
Longitude failed from — 5d. 24m. Weſt 
Difference of Longitude 1110 Min. or—-—— 18d. 20m. Weſt 


Longirude the Shipis in —— — 24d, Som. Welt 


Problem 6. One Latitude, Courſe and Diſtance 77ven, to find the 
Difference of Latitude, and Difference of Longitude. 


Example. A Ship in Latitude 42d, 3om. North and Longitude | 


18d, 31m. Weſt. ſails SF, by 8, 591 Min. or 197 Leagues : I de. 
band tle Latitude and Lomgitude the Ship is in? 


. For the Difference of Latitude, the Proportion (by the 
1/7) Cafe of Plain Sailing in Page 59 is thus; | 


As Radius ** Diſtance :: Sc. Courſe + Difference of Latitude. 
AsS.8 Points $91 Min.:: S. 5 Pts: 491 Min, or 8 d. 11m, 
Latitude failed from — 42d. 30m. N. Merid. Parts 2822m. 
Diff. Lat. 491 Min. or 8d. 11m. 8. 

Latitude the Ship is in 34d. 19m. N. Merid. Parts 2195m, 
Subtract giveth the Meridional Difference of Latitude 027m. 


Or Thus; The Extent (on the Meridional-line on the Cun- 
ter trom Latitude 42d. zom. to Latitude 34d. 19m. meaſured 
on the Line of Equal Parts is Iod. & or 1 od zom. the Meridio- 
nal Difference of Laituade. 

To find the Difference of Longitude, the Proportion is, 
As Radius T. Courſe:: Merid. Diff. Lat. Difference Long. 


4 


hn 


N- 
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As T. Pts T. 3 Points. :: 627 Minutes 420. or 7d, oom. 


| Or thus; | 
As T. 4 Points T.3Pts. :: Iod. ++ 7d. Diff. Long, as before. 
Longitude failed from — 18d. 21m. Weſt 
Diff. Long. 420 Minutes, or ——— 07, Com Fa 
Longitude the Ship is in — — 11d, 31m. Weſt 


Problem 7. One Latitude, Courſe, and Departure given, to find 


The Diſtance, Difference of Latitude, and Difference of 


Longitude, ; : 
Example. A Ship fails ESE. from a certain Port in Latitude 


| god. rom. South, and Longitude od. 16m. Eaſt, until the 


Departure from the Meridian be 957 Minutes : I demand her 
Diſtance ſaiPd the Latitude and Longitude ſhe is in? 

d our gag 3 : Min. by Chapter. 2. Section 3. Problem 
3. of Plain Sailing, in Page 58. Then the Latitude the Ship is in, 
and the Meridional Difference of Latitude, is found thus. Min. 
Latitude failed from 50d. 10m. South Merid. Parts — 3490 
Diff. Latitude 296m. or 6d. 36m S. ; 

Latitude Ship is in — 56d. 40m. S. Meridional Parts 4157 
Subtract, giverh the Meridional Difference of Latitude — 667 
For the Difference of Longitude the Proportion is ; 

As Diff. Lat. Departure :: Merid. Diff. Lat. Diff. of Long. 
As 396 Min. 957 Min. :: 667 Minutes 101 fm. or 26d. 5 5m. 

Or thus; the Extent (on the Meridional Line on the Gunter) 
from Latitude 50d. 12m. to Latitude 56d. 46m meaſured on 
the Line of the Equal Parts; it's 11d, 5 the Merid. Diff.of Lat. 

Then ſay, 

As 396 Min. *:957 Min. :; 11d. % 27d. the Diff. Long. 

Then to find the Longitude the Ship is in, it's thus; 
Longitude ſailed from . 10d. 16m. Eaſt 
Difference of Longitude 161 5 Min. or 20d. 55m. Ealt 


Longitude the Ship is in - 37d. 11m. Faſt 
Problem 8. One Latitude, Diſtance ſaiPd, and Departure from 
the Meridian given; to findthe Courſe, Difference of Latitude, 
and Difference of Longitude. | 
Example. A Ship in Latitude 49d. 30m. North, and Longi- 


tude 1 4d. 20m. Weſt. ſails South Eaſtward 45 Minutes until 


the Departure from the Meridian be 50 Minutes: I demand the 
Courſe ſteered, the Latitude and Longitude the Ship is in? 
I, The Courſe is 50d. 50m. SE. or SE E. 


2. The Diff. of Lat. 07 Min. or 6d. 47m + by Chap. 3. 
+ Section 
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Section 3 Problem 5. of Plain Sailing in Page 95. Then the La. 
titude the Ship is in, and the Meridional Difference of Latitude 


is found thus ; Min. 
Latitude failed from — 49d. 30m. N. Merid. Parts 3428 
Diff. Lat. 407 Min. or — 6d. 47m. 8. 

Latitude the Ship is in 42d. 43m. N. Merid. Parts 2840 

Meridional Difference of Latitude — 588 


3. To findthe Difference of Longitude the Proportion is; 
As Diff. Lat. Depart. :: Me rid. Diff. Lat. Diff. of Long. 
As 407 Min. 500 Min.:: 588 Minutes . 722 Min. or 124 2m, 
Or thus, the Extent (on the Meridional line on the Gunter) 
from Latitude 49d. 3om. to Latitude 42d. 43m. meaſured on 
equal Parts, is gd. 5, the Meridional Difference of Latitude. 
Then ſay, 
As 407 Min. + 5co Min.:: 9d. ,3 ++ 129, the Diff. Long. 
Then to find the Longitude the Ship is in, it's thus; 
Longitude failed from - I 4d. 40m. Weſt 
Diff. Longitude 722 Minutes, or - 12d, 02m. Eaſt 
Longitude the Ship is in — 2d. 38m. Weſt 


Problem . One Latitude, Courſe, and Difference of Longitude 
given; to find the Diſtance, and Difference of Latitude. 
Example. A Ship ſails SW by W. from the Lizard, until ſhe 

be in Longitude 57d. 26m. Weſt : I demand the Latitude the 

Ship is in, and her Diſtance fail'd ? 

Longitude failed from —— 5d. 24m. Weſt 
Longitude the Ship is in— - 57d. 20m. Weſt 
Subtract, and Remainder is the Diff. Longi. 52d. 02m. Weſt 

2 


109 


Or 3122 Minutes 
1 For the Mer. Diff. of Lat. the Proportion may be thus; 
As T CGourſe Radius :: Differ. Lon. Merid. Diff. of Lat. 
As T. 5 Pts. T. 4Pts.:: 3122 Min. 2085 Minutes. 
Latitude ſailed from 50d. its Merid. Parts — 2474 ſubtract. 
Giyeth the Mer. Pts. for the Lat. the Ship is in 1389 which 
feek in the Table of Meridional Parts; againſt it you will 
find 22d. 33m. the Latitude the Ship is in North. 
Or thus, on the Gunter; take the Meridional Difference of La- 
titude, being 2085 Minutes, or 34d 45m. from the Line of Equal 
Parts, and ſet it from the Latitude departed from; being 50d.oom. 
in the Meridional Line, decreaſing (becauſe it's North Latitude 
and ſailing Southerly (and it reacheth) in the ſame Line) toj22d. 
30m. the Latitude the Ship is in, very near to the Latitude 
tonud about by the Table of Meridional Parts, differing from 
it but 3 Minutes. | 
Then having both Latitudes known, the Difference of Latitude 
is found (by ſubtracting the leſſer from the greater) to be 27d. 
27m- or 1647 Minutes, or 549 Leagues. 2 Find 


FOR 
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2 Find the Diſtance ſailed by Chapter 3. Sect. 3 Problem os 
Caſe 2. of Plain Sailing, in Page 53. 


Problem 10. Two Places in one Parallel or Latitude, their Dif- 
ference of Longitude given; to find their Diſtance. 


Example. T demand the Diſtance between the Lizard and 
Penguin Iſland on 9 | 
Penguin Ilan I d. 1om. W 
113 | Longit. is I hens. WR 


Subtract, and Remainder is Diff. Long. —— 47d. 46m Weſt 
| 60 


Difference of Long. 47. 46m. or 2806 Minutes. 

Theſe Places are both (ſuppoſed tobe) in Latitude 50d. oom. 
North, whoſe Complement is 40d. oom. 

To delineate this Problem by the Plain Scale. 

I Draw the prick'd Arch BC, with the Sine of go Degrees, 
one Foot being in the Centre A. | 

2 Lay theDifference of Longitude on that arch from ; to ©: 
and draw the Lines AB,AC. and BC. 

3 With the Sine Com- 
plement of the Latitude, 
and one Foot in A, draw 
the Arch DE : that is take 
the Complement of the La- 
titude from the Sines, and 
with one Foot on A, draw 
the prick'd Arch DE, to 
cut AB in D, and AC in 
E. 

4 Draw a Line from D 
to E. and its done ; for 
DE being meaſured on the 
ſame Scale BC was taken 
from, will ſhew the Di- 
ſtance required. 


The Explanation of the Scheme. 


1 A repreſents one of the Poles of the Earth, 

2 The Arch BC, is the Equator, 

3 The Arch DE, is a Parallel of Latitude. 

4 The Line ADB, is the Meridian of the Lizard. 2 
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5 The Line AEC, is the Meridian of Pengwin-Iſland. 

6 * = Neue. * | in the Latitude of 50J. oom. 

The Line BC, is the Difference of Longitude. _ 

9 The Line PE is their Diſtance in tbat Parallel of Latitude: 

Then to find their Diſtance, the Proportion is by the 4th 
Propoſition of the 6th Book of Euclid. 

As AB, is to BC; ſois AD, to DE. And alternately. 

As A; is to AD: fois BC, to DE. That is, Oy 

As Radlus is to the Sine Complement of the Latitude; fo is 
the Difference of Longitude, to the Diſtance in that Parallel 
of Latitude. In ſhortthus, 

As Radius ** Sc. Latitude :: Diff. Lon. Diſt. 

As 8 god : S. 40d. oom: :: 2866 Min. 1842 Minutes. 


Or thus; by the Plain Scale. 


Take the Latitude of od. oom. from the Scale of Chords, and 
meaſure it from 60 on the Scale of Longitude mark'd (ML) and 
it ſheweth Minutes 38.6 Tenths make a Degree of Longitude 
in that Latitude: Then ſay, 

As 1 Deg. Min. 38. 6:: Diff. Long. 47 d. 75 1842 Minutes 
the Diſtance as before. 


Problem 11. Two Places in one Latitude, their Diſtance given; 
to find their Difference of Longitude: 


Example. Tf a Ship ſails Weſt 390 Minutes from the Lizard; 

What Longitude is the in? 
To delineate the Problem by the Plajn-Scale. 

I Take go Degrees from the Scale of Sines, and with one 
Foot on A, draw the prick'd Arch BC. 

2 From the Scale of Sines take the Complement of the given 
Latitude, and ſettingone Foot on A, draw theprick'd Arch DE. 

3 Then from any Scale of Equal Parts, take (the Diſtance 
Run) andlay it on the laſt Arch from D to E. 

4 From A draw Lines through D and E, to cut the Arch 
BC, inB, and in C. 

5 Then draw a Line from B to C, and it's done; for BC 
being meaſured on the ſame Scale DE was taken from, will 
ſhew the Difference of Longitude required. | 


The Proportion (by the th Propoſition of the 6th Book of 
Euclid) for the Difference of Lonoitude is, 


As Sc Latitude Radius :: Diſtance . Difference of Longit. 
As S. 40d. oom. S. god. :: 390 Min. 0% Min. or 10d. /m. 
| | Or 
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Or thus; by the Plain Scale. 
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The Latitude 50d.00m. (taken from the Chords) and mea- 
ſured on the Scale ML, ſheweth Minutes 38.6 Tenths make 
4 Degree of Longitude in that Latitude: Then ſay, 

As Min, 38.6 Tenths . 1d. :: 390m. 10d. , or 10d, o6m, | 
Diff. Long, differing but one Minute from that found before. Mi 

Latitude of the Lizard o5d. 24m. Veſt 
Difference of Longitude 607 Minutes, or — lod. om. Wet 


— 


* — - — 2 * 0 
—ṽ— ——ů— — 
I Eſp — — 
* 


And gives the Longitude the Ship is in — 15d. 31m. Welt N 


problem 12. Two Places in one Parallel or Latitude, their 


Diſtance, and Difference of Longitude given, ta find the 
Parallel or Latitude. 


Example. Suppoſe two Ships in the Equator 2842 Minutes a- | 5 
ſunder, and they both ſail Northalike Diſtance, till they are but | 
1833 Minutes afunder : I demand what Latitude they are new in? 


To delineate this Problem by the Plain Scale. 


1 Draw the prick'd Arch 
BC from the Sine of 9goDe- 
grees, one Foot being on the 
Center A, to cut the Line 
AB in B. 

2 On B erect the prick'd 
perpendicularBc, andthere- 
on lay the Difference of 
Longitude from B to c. 
|, 3 Draw the prick'd Line 
* Co 
- | 4 ThenwiththeDiſtance 
in the Parallel, and one Foot 
h Inthe prick'd Line Ac, mo- 
| ved upon that Line, till the 
5 5 about, will . 

ut juſt touch the Line AB n 
and where the former Foot 2.542 
eſteth which is at e, there ſtay it. 

5 Take the neareſt Diſtance from e, to the prick'd Line 
Be, and lay that Diſtance on the Line AB, fromB to D, and 
t. [Faw the prick'd Line De. 

: 6 Lay the Difference of Longitude on the prick'd Arch made 
yr [ith the Sine of 90 Degrees, from B to C, and draw the ihe 

| » 


1 
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AC; alſo with the Diſtance AD, and one Foot on A, draw the 
rick'd Arch DE to cut AC in E; likewiſe draw Lines from 
8 to C, and from D to E, and it's done; for AD or AE mea- 
fared on the Scale of Sines, will ſhew the Complement of the 
Latitude required. 

Note, If Bc, be equal to BC, and De equal to DE, it's done 
_ otherwiſe not; as the prick'd Arches c C and e E mani. 
feſteth. 

To find the Latitude (by the foreſaid Propoſition of Zuclid) 
the Proportion is thus; | 

As Differ. Lon. Diſtance :: Radius S. c. Latit. required. 

As 2842 Min. 1833 Min:: S. 90 S. 40d. Iom. 

Which ſubtracted from — god. oom. 


The Remainder is the Parallel of Latitude 49d. 50m. North, 
Or thus, By the Plain Scale. 


As 2842 Min. 1833 Min.:: 60 Min.. Min. 38.7 Tenths 
making one Degree of Longitude, is the Latitude required. 
Then from the Scale of Longitude (marked ML) take Min. 
38.7 Tenths, meaſure it on the Scale of Chords, and it ſheweth 
the Latitude to be 49d. 5om. as before. 


Section IV. Problems of ſailing by the middle Latitude; or a 
Proportion drawn from the middle Latitude, nearly agreeing 
with Mercator's Sailing. 

N theie Problems there's no Uſe made of the Table of Me. 

1 ridional Parts, and all its Proportions may be wrought both 

by the Logarithims, and Gunters's Scale. 8 | 


Problem 1. The Latitude and Longitude of two Places given ? 1 
find their Courſe and Diſtance. 
Example. What is the Courſe and Diſtance from the Lizard 


to the Ifland of Barbados. Foo! 
Lizard. ? 50 ON 50 00 24 W. 

Barbad. 3 * 713 25N—13 25 $ Long: 558 04 W. * 

8 | ( 

| Difference Latit. 36,35 S. ſum lat. 63, 25 diff. long, <2 40 W. O1 

| 60 Mid. Lat. 31 42 6 | Fi 

o Mid. Lat. 31 42 © 1 

Minutes 2195 ſub. it from go 0 or. 3160 Min. pom 

; | yy = | 43 

As 


Com. Mid. Lat, 58 18 


85 
77 


gect. IV. Sailing by Middle Latitude. 97 

To delineate the Problem by the Plain Scale Plate 2. Fig. 6. 

1 Make AD upon the Meridian equal to the Difference of 
Latitude. 15 ; 

2 Draw the prick'd Arch IK with the Sine of go Degrees 
(one Foot being on A) to cut the Meridian A in I. 

3 With the Sine Complement of the middle Latitude and one 
Foot on A, draw the prick'd Arch GH, to cut the Meridian in G. 

4 On the laſt Arch, lay * the Difference of Latitude, from 


G to H. 
5 By A and H draw a Line, to cut the firſt Arch (made with 
the Sine of go Degrees) in K. 
6 Lay IK twice on the Meridian, from A to B. 
7 On B ere& a Perpendicular, and thereon lay the Diffe- 
| rence of Longitude, from B to C. | 
8 Draw a Line from A to C; and from D, draw DE paral- 
lel to BC, to cut AC in C, and it's done. Plate 3. Fig. 0. 


Then is the Leg AD the Difference of Latitude. 
Leg BC the Difference of Longitude. 
Hypot. AE the Diſtance of the two Places. | 
Leg DE the Departure, according to the Plain Chart. 
Angle DAE, or BAC the Angle of the Courſe of Bearing, 
Angle AED the Complement of the Courſe. 


1 To find the Courſe, or Bearing, the Proportion is; 
2 As the Difference of Latitude, is to the Difference of Lon- 
5 @ vitude; ſo is the Sine Complement of the middle Latitude, to 
the Tangent of the Courſe. Or more briefly thus, 
n 4s Diff. Lat. + Diff. Long. :: Sc. middle Lat. ++ T. Courſe, 
As 2195 min. 3160 min.:: S. 58d. 18m. T. od. 45m. 
By Cunter. The Extent from 2195 Minutes to 3160 Minutes 
„on Numbers, being laid e from Sine 58d. 18m. reach- 
eth beyond the Sine of god. wherefore lay that Extent from 
„che Sine of go Degrees towards the left-hand, and ſtay one 
Foot there, then bring in the other Foot to the Sine Comple- 
ment of the middle Latitude 58d. 18m. this laſt Diſtance of the 
x; Compaſſes lay from Tangent of 45 Degrees, and it ſheweth 


W. Jen Tangent 50d. 45m. the Courſe of SW Ii W. neareſt, which 


is the Courſe from the Lizard to Barbadoes.. 
w. Or thus; by two Proportions to find the Courſe. 


Firſt, As the Radius, is to the Sine Complement of the middle 
Latitude; ſo is the Difference of Longitude to the Depart u; 
tin, From the Meridian, or Meridional Diſtance. More briefly ' u 

As Radius + Sc, Middle Lat. :: Diff. Long. + Departure. 

I As S. god. ++ S. 58d. 18m. :: 3160 Min. ++ 2685 Min. | 

7 G Secondly, 
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Secondly, As the Difference of Latitude, is to the Depar- 
ture from the Meridian; ſo is Radius, to the Tangent of the 
Courſe. Or more briefly thus; 

As Diff. Lat. Departure :: Radius . T. Courſe. 
As 2195 Min. 2685 Min.:: T. 45d. T. 50d. 45m. as before, 

2. Jo find the Diſtance, the Proportion is; 

As Sc. Courſe ++ Diff. Lat. :: Radius * Diſtance required. 
As S. 39d. 15m. 2195 Min.:: S. god. + 3467 Minutes. 


Problem 2. Both Latitudes and Courſe given ; to find the Di. 
ſtance and Difference of I 7. 


" ,- AF 

Example. Suppoſe a Ship ſails from the Lizard „And made 
{when Variation Lee-way, ec. allowed for her Courſe South | 
39d. Weſt, or M, by S. 1 W. and then, by Obſervation, is in La- 
titude 45d. 31m. North, what's her Diſtance Run, and Longi- | 


tude ſhe 1s in? : : d. m. 
Lizard F 1 8 50d. oom. Nort — 50 oo 
Obſerved} L atitude 54d. 31m. North — 45 3! 


Difference of Latitude 4d. zom. Sum both Lat. 95 31 
or 60 The; is the mid. Lat. 47. 45 


Diff. Lat. is Minutes 269 Which ſubt. from go oo 


The Remainder is Compl. of the middle Latitude — 42 15 | 


To delineate this or any of the following Problems by the 


Plain Scale, the Inſtructions in the foregoing are ſufficient to in- 


form the diligent Reader. 

1 The Diſtance is 346 Minutes by Chapter 3. Sect. 3. Prob. 
or Caſe 2. of Plain-Sailing, in Page 58. | | 
2. To find the Difference of Longitude, the Proportion is; 
As the Sine Complement of the Middle Latitude, is to the 
Tangent of the Courſe; ſo is the Difference of Latitude, to 
the Difference of Longitude. Or thus ; 

As Sc. Mid. Lat. T. Courle :: Diff. Lat. Difference Lon. 
As S. 42d. 15m. T. 39d. :: 269 Min. *+ 324 Min. | 
To work this, or any ſuch like Proportion, by Cunter's Scale, 
the General Rule of extending from the firſt Term to the Sc- 
cond, &c. will not ſerve, till the firſt and ſecond Terms are re 
duced to one Line or Scale, and that is by this Rule following. 


A General Rule to reduce the ſecond Term Tangent, to the fir 

| | Term Sine. 2 
_* Extendthe Compaſſes from Tangent 45d. to the Tangent of 
the{econd Term; lay that Extent on the Line of Sines, fron 
906. if the ſecond Term be leſs than 45d. but if more, from the 
« be : ” Fuß 


Py — wt Of 
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Firſt Term towards the Left-hand ; and where the Foot reſteth, 
I call the Second Term reduced to the Firſt, andis to be coun- 
ted inſtead of the Second Term. As for Example, 

To work the foreſaid Propoſition, for to find the Difference 
of Longitude. 

1 The Extent from Tangent 45d. to Tangent 399. laid from 
Sine god. reacheth to Sine 54d. 05m. the Second J erm reduced 
to the Firſt Term. 

2 The Extent from the Sine 54d. orm. (the Second Term 
reduced) to Sine 42d. 15m. the Firſt Term is the Proportion ; 
laid on the Line of Numbers from 269 Minutes the Third Term, 
will reach to 324 Minutes the Fourth Term, the Difference of 
Longitude required. 

Or thus, by two Operations to find the Difference of Longitude, 

Firſt ; As the Sine Complement of the Courſe, is to the Dif- 
ference of Latitude; ſo is the Sine of the Courſe, to the De- 
parture from the Meridian, or Meridian Diſtance. Or thus, 

As Sc. Courſe Diff. Lat.: : S. Courſe Departure. 

As S. 51 Degrees ** 269 Min. :: S. 39 Deg. 218 Min. 

Secondly ; As the Sine Complement of the middle Latitude, 
is to Radius; ſo is the Departure from the Meridian, to the 
Difference of Longitude. Briefly thus ; | 

As Sc. middle Lat. Radius:: Departure Diff. Longit. 

As S 42d. 15m. 8 god. :: 218 Min. 324m. as before. 

Then to find the Longitude the Ship is in, it's thus, 

Lizard Longitude is — — o5d. 24m. Weſt 
Diff. Longitade 324 Minutes, or ogd. 24m. Weſt 
Longitude the Ship is in — Iod. 48m. Weſt 
15: Problem 3. Both Latitudes, and Diſtance given; to find the 
pets Courſe, and Difference of Longitude. 

** Examp. If a Ship runneth 300 Minutes North Weſterly, 
L from a Port in 37d. North Latitude, and Longitude 10d, 25m. 
my W. until ſhe be in Latitude 41 Degrees North. What is her 
* I Courſe, and Longitude ſhe is in? 


| Sailed from ; 7d. North - 37d. 
0, Ship is in — 4 Latitude 41d. North 219. 


Difference of Latitude——4d. N. Sum of both Latitudes 784. 


2 


39d. 


60 middle Latitude 


Diff. Latitude is Minutes 240 Subtract from — god. 
Complement of the middle Latitude . 
1 The Courſe is North 36 deg. 52 min. M or NW. by NI W. 
neareſt; found by Chap. 3. Sc. Ger. of PlainSailingiaPage gg. 
2 2 419 
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To find the Difference of Longitude, the Proportion is thus, 
As Sc. middle Lat.. T. Courſe :: Differ, Lat. Longit. P 
As S. 51 degrees T. 30d. 52m. :: 240 min. 232 min. 

By Gunter*s Scale. The Extent from Tangent 45d. to Tan- 
gent 36d. 52m. will reach from Sine god. to Sine 48d. zom. A 
the Second Term reduced to the Firſt. Then the Extent from A 
this laſt (Sine 48d. zom.) to Sine 51d. (the Firſt Term in the 


aboveſaid Proportion) will reach to the Line of Numbers from la 
the Difference of Latitude 240 Minutes, to 232 Minutes, or 35 
zd. 52m. the Difference of Longitude. E 

Or thus; by two Proportions (after the Courſe is found) as Sir 
before to find the Difference of Longitude, ſay, YA bo 


1 As the Radius, is to the Diſtance Run; ſo is the Sine of T. 
the Courſe, to the Departure from the Meridian. Which briefly Mi 
is thus ; | ( 

As Radius ** Diſtance :: S. Courſe ++ Departure. 

As S. god. 300 Min. :: S. 36d. 52m. 180 Minutes. 

2 As the Sine Complement or middle Latitude is to Radius; 
ſo is the Departure from the Meridian, to the Difference of 
Longitude. Briefly thus ; 5 

As Sc. mid. Lat. ** Radius :: Departure Diff. Longitude, 

As S. 51 deg. **S. god. :: 180 min. 232 min. 
Or it may be found by this Proportion when the Diſtance is } 
wen. 5 
Sc. middle Lat. Diſtance :: S. Courſe Diff. Longitude, 
S. 51 deg. . 300min. :: S. 30d. 52m. 232 min. 
Then to find the Longitude the Ship is in, it's thus; 
Longitude the Ship failed from 1od. 35m. Weſt 
Diff. Longitude 232 Minutes, or 3d. 52m. Welt | 


Longitude the Ship is in —— 14d. 27m. Welt 
Problem 4. Both Latitudes and Departure from the Meridian 
given; to find the Courſe, Diſtance, and Difference of Longitude. Y — 

Example. A Ship in Latitude 50d. 10m. North and Longitude 
5d. 24m. Weſt ; fails South Weſterly, till the Departure be 
789 Minutes, and ſhe be in Latitude 39d. 20m. North. I de- 
mand the Courſe, Diſtance and Longitude the Ship is in ? Conta 
Sailed from od. 1om. North 50d. 10m. 

Ship is in 39d. 20m. North —— 309d. 20m. 


Latitude 


Difference of Latitude Iod. 50'S.Sumof bothLat. 89d. zom. BE: 


60 — 
- ; 85 to mee 
Or Minutes —— 650 The: is the mid. Lat. 44d. 45m. Itrived 


Which ſubtract from — — ood. oom. 


The Remainder is Complement middle Latitude 45a. 1 re 
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The Courſe is S. 50d. 3zuom. W. 2 by Chapter 3. Section 3. 
The Diſtance 1022 Minutes 
Plain Sailing in Page 60. 


To find the Difference of Longitude, the Proportion is; 
As Sc. mid. Lat. *+ T. Courſe :: Diff. Lat. .. Diff. Longit. 
As S. 45d. 15m. T. 5od. 3om. :: 650 min. 1111 Minutes, 

For the Extent from Tangent 45d, to the Tangent 5od. 3om. 
laid (on the Line of Sines) from 45d. 15m. reacheth to Sine 
35d. 5om. the Second Term reduced to the Firſt. Then the 
Extent from this laſt (Sine 35d. 50m.) to S. god. (inſtead of 
Sine 45d. 15m. the Firſt Term in the above Proportion, always 
ſo when the Courſe is more than 45d. and that laid on the Line) 
of Numbers, from Diff. Lat. 650 Minutes, will reach to 1111 
Minutes the Difference of Longitude required. 

Or thus ; The Difference of Longitude may be found with- 
out knowing the Courſe, ſaying ; 

As the Sine Complement of the middle Latitude, is to the 
Radius; fo is the Departure from the Meridian, to the Diffe 
rence of Longitude, That is, 

As Sc. middle Lat. Radius :: Departure Diff. Long. 

e. As S. 45d. 15m. S. go deg. :: 780 Min. 1111 M. as before. 
Then the Longitude the Ship is in, may be found, as in Prob- 


is em 5. of Mercator's Sailing, Page 89, that being the ſame 
Queſtion with this. | 


And in like manner all the remaining Queſtions in Mercator, 

may be wrought by the Sine Complement of the middle Lati- 

eſt tude, which I leave to the Learner's Practice. And thus much 

eſt may ſuffice for the Second Kind of Sailing or Second Part of Na- 

— oigation. And the Application of Plain Trigonometry ; Spheric 
eſt Y7rigonometry is next. 


de ! Chap. V. 


Containing the Doctrine of Spheric Triangles, Reftangalar 
om. and Oblique, both Geometrical and Arithmetical, 


mo 38 I enter on Spheric Trigonometry, as to the framing 

and working of Proportions therein, it will be neceſſary 
ou ſhould underſtand how to make a Spheric Triangle, and 
to meaſure any of its Parts: In order thereunto, I have con- 
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Problem or Caſe 6, of 
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15m. Ftrived the following Problems, which I call Spheric Geometry. 
G2. | Section 
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Section I. Spheric Geometry explained by Definitions and 
Problems. | | 0 


« 
8 


N Pheric Geometry, is that by which the Circles of 
Def: Oe 1. I the Sphere are deſcribed, drawn or projected I 
on a Plain. 


2 A Sphere or Globe, is a round Body, made by the moving 


of a Semi- circle about its own Diameter, till the Motion end I 
Where it began. 
3 The Projection of the Sphere, is either Arthographical, v 


Stereographical, or Gnomonical. 

4 Arthographical, is the drawing the Superficies of the Sphere 
on a Plain, which cutteth the Sphere in the middle, with re- 
ſpect to the Eye being placed perpendicular to it, and at an In- 
finite Diſtance therefrom : This Projection maketh uſe only 1 F 
of a Scale of Chords, and of S:nes. | | 

5 Stereographical, ſheweth how to deſcribe the Sphere's Su- 


perficies on a plain, which cutteth it in the middle, with re- I - 
ſpect to the Eye being placed in the Sphere's Superficies, per- 
pendicular to the Center of the ſaid Plain. | ti 


6 Gnomonical Projecting the Sphere, is drawing the Super- 
ficies on a Plain touching it, with reſpect to the Eye being placed 


in the Sphere's Center. F 
Theſe two laſt make uſe of a Scale of Chords, Tangents, and 

Secants. | 0 
7 All Circles of the Sphere, are either great Circles, which ar 


cut it in two equal Parts; or leſſer Circles, which cut it in two 
unequal Parts. w 
8 The plain on which the Sphere is projected, is that Circle 
which bounds or limits the Projection, and is repreſented by Y C 
the Circle ABCDEBA. Plate 3. Fig. 7. | | 
9 A Great Circle, 1s either the Primitive Circle, a Right-Cir- Y th 
cle, or an Oblique Circle. | 
Theie Cireles conſidered ſeverally, or jointly, afford divers B 


Problems, which are the Subject- matter of Spheric Geometry, ] 
and are ſuch as follows. 5 


Problem 1. To find the Pole of any Great Circle. P. 


Definition 1. A Great Circle, is either the Primitive Circle, Y w 
as BCDEB; or Right Circle as the Diameter BAD; or an 


8 Circle, as the Arch BFD. Plate z. Fig. 7. th 
2 The Pole of a Great Circle, is a Punct every way 9o De- 
grees diſtant from it. And, an 


Nite, 1 The Pole of a Great Circle, is either upon the Pri- C: 


2 When 


mitive Circle, or within it. 
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2 When the Pole is within, it's either at the Primitive Cir- 
cle's Center, or not. 


In this Problem, are three Caſes. 


Problem I. Caſe 1. The Pole of the Primitive Circle is required. 


Example. BCDE. The Primitive Circle given; to find the 
Pole thereof is required. Plate 3. Fig. 7. 


The Rule, Find A, the Center of the Primitive Circle BCDE, 
which Center A is the Pole required. 


Problem I. Caſe 2. The Pole of a Right Circle is required. 


Defmition, A Right Circle paſſeth through a Center of the 
Primitive Circle, and in the Projection is a Diameter ; as BAD. 
Note, A Right Circle hath its Pole on the Primitive Circle. 
Example. The Pole of the Right Circle BAD is required, 


Plate 3. Fig. 7. 


The Rule, From the Chords lay go Degrees on the Primi- 
tive Circle from B or D, both ways to C, or E: I ſay C, or 
E, are the Poles of the Right Circle BAD. | 


Problem I. Caſe 3. The Pole of an Oblique Circle is required. 
Definition. An Oblique Circle paſſeth not through the Center 
of the Primitive Circle, and in the Projection is repreſented by 
an Arch ; as BFD. Plate 3. Figure 7. 
Note 1. The Poles of an Oblique Circle, is in a Diameter 
which paſſeth through its Center, 


One of the Poles of an Oblique Circle, lieth between the 
Center of the Primitive, and Oblique Circles. 


2 Every Great Circle, whether Right, or Oblique, cutteth 
the Primitive, diametrically oppoſite. 


Example. 
BC DE the Primitive A 


BFD the Oblique : Circle'and 3 * | its Center given. 


The Pole of an Oblique Circle BF is required. Plate 3. Fig. 7. 


The Rule 1. Through A and Y, draw a Diameter, to cut the 


Primitive Circle in C and E, and the Oblique Circle in F. 
2 Lay a Scale on B and F, to cut the Primitive Circle in G; 
which is called Reducing F to the Primitive Circle. 


3 Take go Degrees (from the Scale of Chords) and lay it on 
the Primitive Circle, from G both ways to H. | 


4 Reduce H to the Diameter CAE, by laying a Scale on B 


and H, to cut the Diameter CAE, both within the Primitive 


Circle, and without either of which Points I is the Pole of the 
Oblique Circle BFD. 


G 4 Problem 


1 ——̃ aero nn 
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Problem 2. To deſcribe a Spheric Angle. 


Definition 8. A Spheric Angle, is made by the interſection of 
two Great Circles; the interſection being the Angular Punct. 
Note, In this Problem are two Caſes, 


Problem 2. Caſe 1. To make an Angle, that the Angular Pun? 
may be at the Center of the Primitive Circle. 


The Rule, Such an Angle is made (in all Reſpects) like a 
Plain Scale, | 

Example. An Angle BAC equal to 4od. 3om. ({whofe Angu- 
lar Pun& A may be the Center of the Primitive Circle) is re- 
quired to be made, Plate 3. Fig. 8. 

I With a Chord of 60 Degrees (on the Center A) deſcribe 
the Primitive Circle, BCDE. 

2 On the Primitive Circle, and from the ſame Chords, make 


BC equal to 4od. 3om. 


3 From B and Cdraw two Right Circles, or Diameters thro? 
A, which will conclude the Angle BAC required to be made. 


Problem 2. Caſe 2. To make an Augle, that the Angular Pun? 
may be at the Primitive Circle. 


The Rule. Such an Angle is made by drawing an Oblique 
Circle with the Secant of the given Angle. | 
Example. An Angle EBF equal to 34d. zom. (whoſe Angular 

Punct B may be at the Primitive Circle ) is required to be made ? 

Plate 3. Fig. 7. 

1 Deſcribe the Primitive Circle BCDE, as before directed. 

2 Lay a Scale on A the Primitive Circle's Center) and cut 
the Primitive Circle in B, and D. 

3 With the Secant (of the given Angle) 34d. zom. and one 
Faot in B, deſcribe the Arch V. 

4 With the ſame, and one Foot in D eroſs the former Arch 
Yan ; the Center of the Oblique Circle BFD, which will 
conclude the Angle EBF, equal to EDF, required ta be made. 

Note, When the given Angle is Obtuſe, ſubtract it from 180 
Degrees, and with the Remainder make the Angle as above 
directed, and it's done. | 


Problem 3. To draw a great Circle through any given Punt, ſo 
that it ſhall make at the Primitive Circle any given Angle. 


The Rule. 1. With the Tangent of the given Angle, and one 
Foot in the Center of the Primitive Circle, make an Arch. 


2 With 


80 


5 


O + 


10 


th 
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2 With the Secant of the ſame, and one Foot in the given 
punct the former Arch, which croſling, is the Center of the 
the Circle required to be drawn. 


Example. Plate 3. Fig. 7. 


BCD E the Primitive Circle 

A the Center thereof 

F the Punct- 

Through F, to draw an Oblique Circle, that it may make an 
Angle at the Primitive Circle, equal to 34d. 3om. is required 

Note : The given Point muſt be ſo far from the Center of the 
Primitive Circle, that the Tangent from the Center, and the Se- 
cant (of the ſame) from the given Punct, may interſe& each o- 
ther; otherwiſe it's impoſſible. | 

1 With the Tang. of 34d. 3om. and one Footin A, make an 
Arch Y. 

2 Then with a Secant of the ſame and Foot in F, cutthe 
Arch V in Y; the Center of the Oblique Circle BFD, required 


to be drawn; and if B, and D, are Diametrically oppoſite, it's 
done true, otherwile not. 


given ; 


Prob. 4. To draw a Great Circle through any two Puncts given, 
either both within the Primitive Circle, or one within, and the 
other without. 


The Rule, 1. Drawa Line from the Primitive Circle's Center, 


through one (always the remoteſt) of the two Puncts, to cut the 
Primitive Circle and produce it at pleaſure. | 


2 From the ſaid Punt draw another Line to a Punct in the 


Primitive Circle, that is god. Diſtance from the firſt Line. 

3 On this laſt Line, and at the Punct in the Primitive Circle, 
erect a Perpendicular, to cut the firſt Line in the third Punct. 
4 Through the two given Puncts, and this laſt third Point draw 
(by Chap, 1. Sect. 2. Prob. 7. Practical Geometry, in Page 15) 
m Arch of a Circle, and it's done. 


Example. Plate 3. Fig. . 


BCD E the Primitive Circle 
A the Centerthereof 
F and G two Puncts 

Through F and G it's required to draw a Great Circle ? 

1 Through A and F draw the Right Circle BFAD, to cut the 
[rimitive Circle in B and D, and continue it further at pleaſure. 
2 Lay the Chord of god. on the Primitive Circle from B, or 
rom D to E or C, and draw the Line FE, or FC. 

3 At E erect EH Perpendicular to EF, or (erect CH Perpen- 
cular to CF to cut the Diameter BFA, in ¶ the third Punct. 


4 Through 


given: 


, * 2 nts > * 4 
r 
L - 5 5 * 
— - — 
* * «a 4 


— & —— 


- — 
2 — 
——— i 
— 


* 
id 
— 
— 


> % * g —. 
2 / - > £ — 
3 * wg 22 3 b * 
9 2 
bg 1 — TE - 


106 Spheric Geometry. Chap. V 


4 Through FG and H, draw a Circle as IFGKH, which 
_ — Primitive Circle in I and K, diametrically oppoſite, and 
t's done. 


Prob. 5. To draw a Great Circle Perpendicular to, or at Right 
Angles, with agiven Great Circle. 


A general Rule, Draw a great Circle through the Pole of the 
12 great Circle. and its Perpendicular to it, or it makes a 
ight Angle with it. 
Note, In this Problem are four Caſes. 


Prob. 5. Caſe 1. To draw a Circle Perpendicular to the Primi. 
tive Circle, © 


The Rule. This is done by drawing a Diameter through the 
Center of the Primitive Circle; for the Center of the Primitive 
Circle, beingits Pole ; all Right Lines drawn through the Center, 
are Perpcadicular Circles to the Primitive Circle. 

Example. Plate 3. Fig. 7. 

BCDE the Primitive Circle, and A its Center given ; to draw 
a great Circle Perpendicular to it is required. | 

Through A draw the Right Circle BAD and its Perpendicular 
to the Primitive Circle BC DE, as was required. 


Prob. 5. Caſe 2. To drau a Right Circle Perpendicular to a given 
Right Circle 


The Rule. This is done by drawing a Diameter at Right An- 

gles, to the given Right Circle: or quartering the Primitive | 

Circle (by Chapter 1. Section 2. Problem 8. of Practical Geome- 
try, in Page 15) with two Diameters. 


c Example. Plate 3 Fig. 7. 
BCDE the Primitive ? ,.. and A its Center 7 . 
BAD is a Right | Circle, 3 OO; $ govern 
To draw a Right Circle Perpendicular to the Right Circle BAD 
is required ? 

Draw CAE Perpendicular to BAD, or from the Chords lay 

on the Primitive Circle from B, or from D to C hand E; 

and through A and C, or A and E, draw a Diameter and it's 
done. 


Prob. 5. Caſe 3. To draw an Oblique Circle Perpendicular to 9 
Niven Right Circle. 
The Rule. 1. Find the Poles of the given Right Circle, by 
Prob. 1. Caſe 2. of the Spheric Geometry, in Page 103. 
2 Draw a Circle ti rough thoſe two Poles, and it's done. 
Example: 


-H 


e- 
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Example. Plate 3. Hg. 7. 

BCD E the Primitive Cirele 

A the Center thereof 

BAD is a Right Circle — 

To draw an Oblique Circle Perpendicular to the Right Circle 
BAD is required. 

1 Take the Chord of god. and lay it from B, or D both ways 
to G and E, which are the two Poles of the Right Circle BAD. 

2 With any Diſtance, and one Foot on C and E, dr: Arches 
to cut each other in X, the Center of the Oblique Circle CGF, 
required to be drawn. 

Note, If AG be known, or limited to a certain Diſtance, 
then it's done by drawing a Circle through the three Puncts C, G, 
and E. 


Or 2. If AG be any known Quantity of Degrees, then take 
the Secant of its Complement, and ſetting one Foot on C, or E, 


the other will croſs the given Right Circle, in the Center of the 
Oblique Circle required to be drawn. 


given : 


Prob. 5. Caſe 4. To draw an Oblique Circle Perpendicular to a 
given Oblique Circle. | 


The Rule. 1. Find the Poles of the given Oblique Circle, by 
Prob. 1. Caſe 3. of Spheric Geometry, in Pages 103, and 104- 

2 Throꝰ their Poles draw a great Circle, which will cut the 
Primitive Circle diametrically oppoſite, and it's done. 


Example. Plate 3. Fig. 10. 
BCDE the Primitive ? =. 43 -; : 
BFD an Oblique : Circle and 3 15 its Center given 


To Draw another Oblique Circle, Perpendicular to the Oblique 
Circle, BFD, is required. 


1 FindG, the Pole of the given Oblique Circle BFD, by Prob. 
1. Caſe 3. of Spheric Geometry, in Pages 103 and 104. 

2 Through G. draw the Circle HIGK, to cut the Primitive 
in H and K, and the Oblique Circle BED in I (fo that HAK 
is in a Diameter) and it's done; for then BIH is a Right Angle, 
2 the Circles BIFD, and HI GK, are Perpendicular to each 
other. 

Note, 1. If the Punct I (in the given Oblique Circle) is given, 
then draw a Circle through I, and the Pole G, by Prob 4. of 
Spheric Geometry, in Page 105, and it's done. 

Or, 2. If it be required that the ſaid Oblique Circle ſhall make 
a certain Angle at the Primitive Circle, then draw a Circle thro? 
G, by Prob. 3 of Spheric Geometry, in Page 104, 

Prob, 
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Prob. 6. To lay any Quantity of Degrees on any Great Circle, 
In this Problem are three Caſes 


Prob. 1, Caſe 1. To lay any N of Degrees on the Primitive 
| IrCle, 


The Rule. This is done by, or from the Scale of Chords, 
Example. Plate 3. Fig. 8. 


BC DE the Primitive Circle, and A its Center given. 

To lay od. zom. on the Primitive Circle from B is required. 

From the Scale of Chords, take 49d. 3om. and lay it on the 
Primi ive Circle from B to C, and it's done. 


Prob. 6. Cafe 2. To lay any Quantity of Degrees on a Right Circle. 


The Rule. This is done from the Scale of Half Tangents,count- 
ing the beginning thereof to be the Center of the Primitive Circle. 
Example. Plate 3. Fig. 11. 
BCDE the Primitive Circle, and A its Center 2 , _ 
BAD is a Right Circle * 
On the Right Circle BAD, and from A, to lay 40d. 3om. or from 
B to lay 49d. zom. is required. 

From the Half Tangents, take 40d. 30m. and lay it on BAD 
from A to; or 49d. 3om. the contrary way of the Half Tan- 
gents, laid from B to h and it's done. For A 1 and [B together 
is equal to go Degrees. 


Prob. 6. Caſe 3. To lay any Quantity of Degrees 5nanObliqueCircle, 


The Rule. 1. Find the Poles of the given Oblique Circle, by 
Prob. 1. Caſe 3. of: Spheric Geometry, in pages 103 and 104. 
2 Lay the giving Quantity of Degrees on the Primitive Circle, 
by Caſe 1. of this Problem. 
3 Reduce it from the Primitive Circle to the given Oblique 
Circle by the help of its Pole, and it's done. 
Example. Plate 3. Fig. 11. 
ly nh, rofl Circle, and 8 - : its Center given; 
On the ObliqueCircle BFD(fromB) tolay 51d. 3om. is required? 
1 By Y and A, draw the Diameter CAE, and find G the Pole 
ofthe Oblique Circle, by Prob. 1. Caſe 3. in Page 103. 
2 From the Scale of Chords, take 51d. zom. and lay it on 
the Primitive Circle, from B to H. Es =p 
3 Lay 


Or 


Pre 


— — 
. AR 
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3 Lay a Scale on G and H, to cut the Oblique Circle BFD in L 

then is BI on the Oblique Circle equal to 1 3om. as required” 
Prob. 7. To meaſure any Part of a Great Circle. 


In this Probem are three Caſes, which are but the Converſe of 
in the laſt Problem. 


Problem 7, Caſe 1. Tomeaſure any Part of the Primitive Circle. 


on the Scale of Chords, and it ſheweth how much it is. 
v1 Example. Plate 4. Fig. 8. 
BCDE the Primitive Circle) and A it's Center given ; 


To meaſure BC, a Part of the Primitive Circle, is required, 


i 
The Rule Take the Part required to be meaſured, and lay it | 
| 
Take the Extent BC in the Compaſſes, and lay it on the Chords, | 
which will ſhew how many Degrees BC doth meaſure. | 
: 


Prob. 7. Caſe 2. To meaſure any Part of a Right Circle. 


5 

| The Rule. 1. If the Part to be meaſured lieth next the Center | 

OY of the Primitive Circle, then its meaſured on the Scale of Half 4 
Tangente, from the Braſs Center-pin at the Beginning thereof. 

_ 2 When the Part to be meaſuredlieth next the PrimitiveCircle, i 

cken it's meaſured on the Scale of Half Tangente, from godeg. 5 

he counting 80d. to be tod. 70 to be 20, 60 to be 30, G. | 


Example. Plate 3. Fig. 7. 
BCDE the Primitive Cirdle, and A its Center 
70 BAD a Right Circle — ——— 
y o meaſure A I, or Bl, on the Right Circle BAD, is required? 


| 

; 

1 Take Ah and lay it on the Scale of Half Tangents from the 1 

©, B Braſs Center-pin (at the Beginning of it) which will ſkew how | 
; 


: given; 


many Degrees it is. Or. | 
16 2 Take Bl, and lay it on the Scale of Half Tangents from 
god. backward, counting 80d. to be 10, and 70 to be 20, &c. ſo 
J will it ew how many Degrees BI is. And, | 
Note, That Al, and BI will make together juſt god. they be- 
mg Complements to each other. 


le Prob. 7. Caſe 3. To meaſure any Part of an Oblique Circle. 


IN The Rule. 1. Find the Poles of the given Oblique Circle, by : 
Prob. 1. Caſe 3. Of Spheric Geometry, in Pages 103 and Log. 

7 2 Lay a Scale on either of the ſaid Poles and the Part deſired 8 
, . . | | e 


Se 
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be meaſured, and reduce it to the Primitive Circle. | p 
3 lt being reduced to the Primitive Circle, its meaſured on th 
the Scale of Chords, as before in Caſe 1. of this Problem. 0 


Example. Plate 3. Fig: 11. 


BC DE the Primitive? , 1 
BIF D an Oblique— + Circle and 3 13 its Center given; 


To meaſure B I, and F I, on the Oblique Circle BIFD, is required. 
1 Find G the Poles of the Oblique Circle BIFD. by Prob. 1. 
Caſe 3. of Spheric Geometry, in Pages 103 and 104. 
2 Lay a Scale on G and I, to cut the Primitive Circle in H. 
3 Then EH meaſured on the Scale of Chords, is the meaſure: 
& BI; and EH on the ſame Scale of Chords is the meaſure of 
FI. | 


e kg 


Prob. 8. To meaſure any Spheric Angle. 


In this Problem are four Caſes, and this is, 8 
A General Rule. A Spheric Angle is meaſured by the Arch of 
a great Circle, intercepted between the two containing Sides, W «5 
the Angular Punct being the Pole of that Circle. Or the Diſtance 
of the Poles of the containing Sides, is equal to the Meaſure of the 
contained Angle. | | 8 


Prob. 8. Caſe 1. 75 meaſure an Angle, when its Angular Punt 
is the Center of the Primitive Circle. 


The Rule. Such an Angle is meaſured (like a Plain Angle) on 
the Primitive Circle, bya Scale of Chords. 
1 Example. Plate 3. Fig. 8. | 
BCDE the Primitive Circle, A its Center, and the Angular Punct 
given : to meaſure the Angle BAC is required. 


C 
Take BC, and meaſure it on the Scale of Chords, ſhews the An- 

gie how much it is. k 

B+ 

0 


Prob. 8. Cale 2. T9 meaſure an Angle, when its Angular Pun? 
7s at the Primitive Circle. 


The Rule 1. Find the Poles of the two containing Sides by 
Prob. 1. of Spheric Geometry, in Pages 104 and 105. 
2 The Diſtance of thoſe two Poles, is the meaſure of the 
required Angle. 
Note 1. When the two Poles are in one Diameter or Right 
Circle, it's meaſured on the Scale of Half Tangents. 


2 When 


On 


BCDE the Primitive 
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2 When they are not in one Diameter, then reduce them to the 
Primitive Circle, by lay ing a Scale on the Angular Punct, and 
the ſaid two Poles, which Diſtance being meaſured, on the Scale 
of Chords, is the meaſure of the required Angle. 


Example. Plate 3. Fig. 8. 
BCDE the Primitive FI r . 
BGFD an Oblique : Circle, and Jos ts Center given. 


To meaſure the Angle EDF equal to the Angle EBF 2s required. 

1 Through A and Y, draw a Diameter to cut the Primitive 
Circle in H and I, and the Oblique Circle is G. | 

2 In the Diameter IAH, find K, the Pole of the Oblique 
Circle BGFD. | 

3 The Diftance AK, or GI, meaſured on the Scale of Half 


Tangents (the latter the contrary way on that Scale from god.) 
ſheweth how much the Angle EDF or EBF is. 


Prob. 8. Caſe 3. To meaſure an Angle when its Angular Punt if 
not in the Center of, nor at the Primitive Circle. 
The Rule is this, Find the two Poles of the two containing 
Sides, * Problem 1. in Pages 104 and 105. 
2 Reduce theſe two Poles to the Primitive Circles, then mea- 


| ſure the Diſtance of them on a Scale of Chords and it's done. 


Note, Reduce, is to lay a Scale on the Angular Pun& (re- 


| quired to be meaſured) and the ſaid two Poles to cut the Primitive 
| Circle. | | 


Example. Plate. 3 Fig. 8. 


y & its Center — 
BGFD an Oblique — Circle, andy, Y 
CAFE à Ripht cuts the ObliqueinF Y 


IVEN 


Tomeaſure the Angle DFEBFE zsrequired. 


I Through A and Y draw the Diameter IAH, and in it find K 


| the Pole ofthe Oblique Circle BGFD ; as before in the laſt Caſe. 


2 Find L the Pole of the Right Circle CAFE, by Prob. 1. 


| Caſe 2. of Spheric Geometry, in Page 104. 
3 Reduce K to the Primitive Circle by layinga Scale on F, and 
EK, to cut the Primitive Circle) and it's M: I hen LM meafured 
on the Chords, ſheweth how much the Angle DFE, or BFE is; 
one Acute and the other Obtuſe. | 


Prob. 8. Caſe 4. To meaſure an Angle, when the containing Sides 


are both Oblique Circles. 


Example. Plate 3. Fig. 12, 
BCDE the Primitive CN 


_ CHFE an Oblique Circle andy Y its Center given; 
BCFD an Oblique | 5 . 


; Zo meaſure the Angle DYE, or BFE is required? 1 By 
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1 By A and X, and A and X. draw two Diameters; in them 
find I and K, the two Poles of the containing Sides, by Prob. 1. 
Caſe 3. of Spheric Geometry, in Pages 103 and 104. 

2 Reduce thoſe two Poles I and K. (by laying a Scale on the 
Angular Punct F, and them) to cut the Primitive Circle in L and 
M; which being meaſured on the Chords ſheweth how much the 
Angle DFE, or BFE is; one Acute, the other Obtuſe. 

Prob. g. To draw a Parallel Circle. 


Definition. A Parallel Circle, or leſſer Circle, cutteth the 
Sphere into two equal Parts, andlieth Parallel to a Great Circle: 
In this Problem are three Caſe. 

Prob. . Caſe 1. To draw the Parallel Circle, parallel to the Pri- 
mitive Circle, at any given Diſfance fromit , or from its Pole. 
The Rule. With the Half Tangent of its Diſtance from the 

Pole, and one Foot on the Center of the Primitive Circle, draw a 


Circle, andits done. 
Example. Plate 3. Fig. 7: 


BCDE the Primitive Circle, A its Center given; to draw a 
Circle parallel to BCDE, and 3od. diſtance from it is required? 
With the Half Tangent of 60d. (the Complement of zod. 
and) its Diſtance from the Pole of the Primitive Circle, ſet one 
Foot in A (the Center and Pole ofthe Primitive) and deſcribe the 
Circle Im uno, which is parallel, as required. 


Prob. 10. Caſe 2. To draw a parallel toa Right Circle, 


The Rule. 1. From the Chords lay the Parallel's Diſtance 
from the Right Circle ; or the Complement thereof, from the 
Pole of the Right Circle both ways, and note thoſe two Marks, 
en the Primitive Circle. | 

2 With the Tangent of the Paralle's Diſtance from the 
Pole of the Right Circle, and one Foot on each of thoſe two 
Marks, deſcribe Arches, to cut each other in the Center of the 


Parallel Circle required to be drawn, 
Example. Plate 3. Fig. 7. 
BCDE the Primitive Circle, and A its Center 
BAD as a Right Circle 
To drau à Circle Parallel to BAD at god. Diſtance from it, er 
50d. Diſtance from C, its Pole is required ? | 


i Lay 4od. from B top. and from D to ꝙ or lay it's Com- 
plement 50d. from C both ways to the ſaidp and 9. 


With the Tangent of pod. and one Foot on } 


? given. 


make 


Pp 
the Arch y ; which croſling at y is the Genter of the Paralle! 
Circle p required to be drawn. Preb. 
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Prob. g. Caſe 3. To draw a Circle Parallel to an Oblique Circle. 


The Rule. 1 Find the Pole of the given Oblique Circle by 


Prob. 1. Caſe 3. in Pages 1023 and 104. which reduce to the 
Primitive Circle, and therefrom lay the Parallels Diſtance from 
the Pole both ways, which being reduced to the Right Circle, 
is the Diameter of the Parallel Circle. 

2 Find the Middle of thoſe two Marks which is the Center 
of the Parallel paſſing through thoſe Marks, and it's done. 


Example. Plate 3. Fig. 11. 


— 5751 1 8 * mY 5 Circle and} : : its Center given; 

To draw a Circle parallel to BIFD, at 4od. Diſtance from 
it, or 50d. Diſtance from its Pole is required. 

1 Find G the Pole of the given Oblique Circle BIFD, by 
Prob. 1. Caſe 3. of Spheric Geometry, in Pages 103 and 104. 

2 Meaſure AG on the Half Tangents, and ſuppoſe it to be 30d. 
then add 50 to it, and ſubtract it from 50; the Sum 80d. lay 
from A to k; and the Difference 20d. lay from A to /. Or 
thus, Reduce G to the Primitive Circle, and from it lay 50d. 
both ways, which reduce to the Right Circle, gives the e 
Points k and /. 7 i 

3 Find m the Middle between k and J, and on as a Center 
draw a Circle to paſs through & and /, which is the Parallel 
Circle required to be drawn. | 

Thus much for Problems neceſſary for the making and mea- 
ſuring Spheric Triangles ; which I adviſe the Learner to ac- 
quaint himſelf with, and then the following Applications will 
be the better underſtood. | | 


Section II. The Uſe of the Nine preceding Problems, in making 
any Spheric Triangle, and meaſuring its Parts ; or the Doc- 
trine of Spheric Triangles Geometrical, 


2 > A Sphere or Globe, is a round Body made by the 
Definition A — a Semicircle about its _—_ vice Ani 
till the Motion end where it firſt began. The Semicircle's Di- 
ameter, is the Axis, or Diameter of the Spheric; in the Middle of 
which is a Pun&, called the Center; from whence all Right 
Lines drawn to the Surface, or outſide of the Sphere are equal. 

2 A Spheric Triangle, is deſcribed on the Surface of the 
Sphere ; whoſe Sides are the Arches of three great Circles, 
mutually interſecting each other; and is either Quadrantal, 
Rectangular, or Obliquangular F 

3 | 
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A Quadrantal one Side 
3. A Rectangular - Triangle hath 4 one Angle 5 90d. 
| An Obliquangular no Side a Quadrant 
or god. nor any Angle god. | 
Note, 1 In every Spheric Triangle, each Side is lefs than 
180d Degrees. 
2 The Sum of any two Sides is greater than the third Side. 


3 The three Sides added together, their Sum is leſs than | 


360 Degrees. 
4 The Sum of the three Angles, is ever more than 180d, 
but leſs than 540d. 


Prob. 10. The Hypotenuſe and one Leg given; to make a Rectan. 
gular Spheric Triangle. 


Note, To make a Rectangle Spheric Triangle, two things 
beſides the Rectangle muſt be given. 

| o'er omg P 2 Fip. 1. 

u. C Hypotenule AC 54d. 25m. 1 

The — BC 23d. Zom- : 1 

With them to make a Rectangles < agen Triangle is requir'd. 

I Draw the Primitive Circle with a Chord of 60d. a Sine of 
god. or with a half Tangent of god. and quarter it, which muſt 
be done in every Problem. 

Then conſider whether one of the Oblique Angles ſhall be 
at the primitive Cirele, or at its Center. 

Firſt, 1f at the Center of the primitive Circle, then, 

1 Draw (by Problem 9. Caſe 1. of Spheric Geometry) a Circle 
parallel to the Primitive, at 54d. 25m. (the given Hypotenuſe) 
diſtanee from its Pole ; that is, with the half Tangent of 54d. 
25m. and one Foot on A (the Center of the primitive Circle) 
deſcribe a Circle. | | 

2 Then (by the 2d. Caſe of the aforeſaid Problem) draw a 
Circle parallel to a _ Circle at 23d. 3om. (the given Leg) 
diſtance from it : Theſe two parallel Circles cut each other in C. 

3 Through A and C, draw a great Circle, nich in this 
Caſe, is a right Circle; that is, a Diameter: And from C, (by 
Prob. 5. Caſe 3. of Spheric Geometry in Page 107) draw a great 
Circle perpendicular, or at Right-Angles to AB ; which in this 
Caſe will be an Oblique Circle, and it's done. Or, 

Secondly, To make the Triangle, that one of its Oblique 
Angles may be at the primitive Circle. 

I The Circle being deſcrbed, and quartered, as before di- 
rected. Then, 

2 Draw (by Prob. 9. of Spheric Geometry) a Circle parallel 
to a right Circle, at 54d. 25m. diſtance from A its Pole. 25 
3 An 
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3 And (by the aforeſaid Problem ) draw a Circle, parallel to 


the primitive Circle, at 23d. 3om. diſtance from it, to cut the 


former parallel Circle in C. | 

4 Then through A and C draw a great Circle, which in this 
Caſe will be an Oblique Circle: and from C (by Prob. 5. Caſe 1. of 
Spheric Geometry, in Page 106) draw a great Circle perpendicular 
to AB; which in this Caſe will be a Right Circle, and it's done, 


K To meaſure the Things required. 
eg AB it meaſur- 
The ; Angles BAC and ACB S ed by Prob. 7, Pager og. tro. 


Prob. 11. The Hypotenuſe and — Angle given; to make a Tri. 
Bag angle. 
| wes v9 * 4. Hg. 2. 
H enuſe AC 54d. 25m. 7 _.- ä 
The Abale BAC 298. pang + given, 
With them to make a Rectangle Spheric Triangle, is required. 

Firſt, To make the Triangle, that the given Angle BAG 
may be at the primitive Circle's Center. 

I Having deſcribed the primitive Circle, and quartered it, as 
before directed in Prob. 10. make the Angle BAC equal to 29d. 
Zom. (by Prob. 2. Caſe 1. in Page 104. of Spheric Geometry ; ) 
That is, from the Scale of Chords, lay 29d. 30m. on the pri? 
mitive Circle, and therefrom draw a Line thro? A the Center of 
the primitive Circle. | 

2 Make AC equal to 54d. 25m. (by Prob. 6. Caſe 2. in Page 
109. of Spheric Geometry ; ) that is, from the Scale of half Tan- 
gents, lay 54d. 25m. from A to G. 
3 By Prob. 5. Caſe g. in Page 106, draw a Circle from C 
Perpendicular unto AB, to cut the Right Circle AB in B; 
which in this Caſe is an Oblique Circle, and it's done. 

Secondly,, To make the Triangle ſo, that the given Angle 
may be at the primitive Circle. 

1 After the primitive Circle is made, and quartered as be- 
fare, let A be one of thoſe Marks or Quarters : Then (by Prob. 


2. Caſe 2. in Page 104.) make the Angle at A equal to 29d. om, 


by drawing an Oblique Circle with the Secant of the given 


Angle, as is the Oblique Circle AC. 


2 Then by Prob. 6. Caſe 3. in Page 109, lay 54d. 25m. on the 
Oblique Circle from A to C. Or, draw (by Prob. g. Caſe 2. 
Page 110.) a Circle Parallel to a Right Circle at 54d. 25m. di- 
{tance from A it's Pole, to cut the Oblique Circle AC in C. 

3 By Prob. 5. Caſe 1. in Page 106, draw a Circle from C 
perpendicular to the primitive Circle AB to cut AB in B; 
which in this Caſe is a right Circle, and it's done. 
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To meaſure the 5 required. 8 
Th br AB and BC 2 is meaſured F 7. Page 109. 
a Angle ACB— 5 by Prob. 8. Page 110. 


Prob 12.4 Leg andits adjacent Angle given; to make a Trianglo. 
Example. Plate 4. Fig. 3. 
The j Leg AB— $5od. 3om. . 
Angle BAC — 29d. 3om. F Wen? 
With them to make a Rectangle Spherical Triangle is requir'd. 

Firſt, To make the Triangle, that the given Angle BAC, 

may be at the primitive Circle's Center. 
I The primitive Circle being deſcribed, and quartered as be- 
fore, and A placed at it's Center; then (by Prob. 2. Caſe 1. in 
Page 1 04 of Spheric Geometry make the Angle BAC equal to 
29d. zom. by drawing the Right Circle AC. 

2 By Prob. 6. Cafe 2. in Page 109 make AB equal to 5od. 
3om that is from the Scale of Half Tangents, lay 5od. 3om. 
on the Right Circle from A to B. - 

3 By Prob. 5. Caſe. 3. in Page 110. draw from B an Oblique 
Circle BC, perpendicular to the Right Circle AB, to cut the 
Right Circle AC in C, and it's done. Or thus, 
From the Scale of Secants, take 39d. 3om. the Complement 
of AB 5od. 3om. (ſetting one Footin B, the other Foot marks 
out on the right Circle AB extended) the Center of the Obli- 
que Circle BC which concludes the Triangle. 
Secondly, To make the Triangle fo, that the given Angle 
may be at the primitive Circle. | 
I A being on or at the primitive Circle, then (by Prob. 2. 
Caſe 2. in Page 104) make the Angle BAC equal to 29d 3om. 
by drawing the Oblique Cirele AC, with the Secant thereof. 
2 By Prob. 6 C0 I. in Page 106, make AB (on the primi- 
tive Ts equal to 50d. 3om. by laying the Chord of it, from 
A to B. 
2 By Prob. 5. Caſe 1. in Page 106, draw a great Circle from 
B, perpendicular to AB, at the Right Circle BC, to cut the Ob- 
lique Circle AC in C, and it's done. ; 
| To meaſure the things required. 

The Ja os and eee is meaſured F 7 ? * 
ngle ACB —— $I by Prob. +: 

Pages log, 110 and 111. 


Prob. 13. 4 Leg and its oppoſite Angle given; to make a Tri- 


angle. 
Example. Plate 4. Fig. 2. 
The $ Leg BC 23d. 30m. ? 3 
ne 2 Angle BAC — 29d. 3om. F Sen: 
With them to make a Rectangle Spheric Triangle, is required 


Firſt, 


_ i. < aol aoawoo- 
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Firſt, To make the Triangle, with the given Angle at the 
Primitive Circle's Center. 

I The Primitive Circle drawn, c. as before, and A at its 
Center, then (by Prob. 2. Caſe 1. in Page log) make the Angle 
_ equal to 29d. 3om. by drawing two Right Circles AB, 

AC. 

2 Draw (by Prob. 5. Caſe 2.in Page 115) a Parallel Circle, 
parallel to the right Circle AB, at 23d. 3om. diſtance from it, 
to cut the Circle AC, in C. 

3 From C, (by Prob. 5. Caſe 3. in Page 106) draw an Ob- 
lique Circle BC, perpendicular to the right Circle AB, to cut 
ABinB; andit's done. 

Secondly, To make the Triangle, that the given Angle may 
be at the Primitive Circle. 

A being at the Primitive Circle, then (by Prob. 2. Caſe 2. 
| in Page 104) make the Angle BAC equal to 29d. 3om.) by 
| drawing the Oblique Circle AC, with the Secant thereof. 

2 By Prob. g. Caſe 1. in Page 111, draw a Parallel Circle, 
| parallel to the primitive Circle AB, at 23d. 3om. diſtance from it, 
to cut the Oblique Circle AC in C. Or thus, with the half 
Tangent of 66d. 3om. (the Complement of 23d. 3om.) and one 
Foot in the Center of the Primitive Circle, with the other cut 
the Oblique Circle in C. 

3 From C (by Prob. 5. Caſe 1. in Page 106) draw a Right 
| Circle BC, perpendicular to the Primitive Circle AB to cut AB, 
in B; and it's done. | 

To meaſure the Thing required. 


EI he 14275 1 9 E. AY is meaſured by Prob. ] 4 


in Pages Iog, 110, 111. 


Prob. 14. Both Legs given to make a Triangle. 
Example. "IO 4 Fig. 5. 
| B Zom. ; 
The Leg. 55 7 g. 2 given: 
With them to make a Rectangle Spheric Triangle; is required. 
Firſt, To make the Triangle, that one of the Oblique An- 
gles may be at the Primitive Circle's Center. | 
| 1 A being at the Center of the Primitive Circle, draw the 
Right Circle AB, and thereon (by Prob. 6. Caſe 2. in Page 106) 
1 make AB equal to 50d. 3om by laying the half- Tangent there- 
* of, from A to B. * 85 
2 From B (by Prob. 5. Caſe 3. in Page 105) draw an Oblique 
Circle BC Peale? As Or Thais, 
With the Secant of 39d. zom. (the Complement of 5od. 
Zom. ) and one Foot on B, the other Foot marks out (in the 


red H 3 Ri oht 4] 
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Right Circle AB extended) the Center of the Oblique Circle 
BC. 

3 Draw (by prob. 9. Caſe 2. in page 111) a Parallel Circle 
Parallel to the Right Circle AB, at 23d. 3om. Diſtance from 
it, to cut the Oblique Circle BC in C. Or thus, 

By Prob. 6. Caſe 3. in page log. lay 23d. 3om. on the Ob- 
lique Circle from B to C. 


4 Through A and C draw a Great Circle; which in this Caſe | 
is a Right Circle, and it's done. 


Secondly, To make the Triangle, that one of the Oblique 
Angles may be at the Primitive Circle. 


1 By Prob. 6. Caſe 1. in page 1c9. make AB equal to 50d. 3om. 
by laying the Chord thereof on the primitive Circle from A to B. 
2 From B (by Prob. 5. Caſe 1. in page 106) draw a great 


Circle perpendicular to the Primitive Cirele (which in this Caſe 
is a Right Circle) as BC. 


3 Draw (by Prob. 9. Caſe 1. in page 111) a Parallel Circle, 
parallel to the Primitive Circle AB, at 23d. 3om. diſtance from 
it, to cut the Right Circle BC in C. Or thus, | 

From the Scale of half Tangents, lay 66d. 3om. (the Com. 
plement of 23d. 20m.) from the Center of the Primitive Circle, 
on the Right Circle to Co. 


4 Through A and C, draw a great Circle; which in this 
Caſe is an Oblique Circle, and its done. 


To meaſure the Things required. 


Hypotenuſe AC is meaſured CF 7. . 
The Apes BAC, and Fey: by Prob. 1 8. 5 5 
Pages 110, 111. | 
Prob. 15. Both the Angles given; to make a Triangle. 
Example. ve 4 Fig. 6. 
BAC 29d. zom. f 
The Angle ACB by 4. 26mm. | given : | 
With them to make a Rectangle Spheric Triangle, is required. 
1 By Prob. 2. Caſe 2. in page 104, make the Angle BAC equal 
to 29d. 30m. by drawing the Oblique Circle AB, with the Se- 
cant thereof. 


2 Find I, the Pole of the Oblique Circle AB, by Prob. 1. Caſe 
3. in pages 104 and log. 

3 Through I (by Prob. 3. in page 104) draw an Oblique Cir- 
cle IBC, that the Angle ABC may be 71d. 56m. which will cut 
the Oblique Circle AB, in B the Rectangle, and the Primitive 


Circle in C, and fo conclude the Rectangle Triangle ABC re- I} 
quired to be made. 


To meaſure the Thinos required. 


4 


The Hypotenuſe AC and Legs AB and BC, are meaſured} 
by Prob. 7. of Spheric Geometry, in pages log and 110. 


Thus 
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Thus all the Caſes of Rectangle Spheric Triangles may be 
deſcribed, and reſolved by the laſt ſix Problems. In like man- 
ner the Caſes of Oblique Triangles may be Geometrically ſol- 
ved by the ſix following. 


Prob. 16. Two Sides and an Angle oppoſite given ; to make an 
Oblique Spheric Triangle. 
Note, To make an Oblique Spheric Triangle, three Things 
muſt be given. 
Nite alſo, The Angle oppoſite to the other given Side ought 
to be foreknown, whether Acute or Obtuſe : otherwiſe two 
ſeveral Triangles may be made from the given Things. 


Example. Plate 4. Fig. 7. 
Side AC 34d. 07m. 
The 3 Side AD esd. 20m. Sgiven; 
Angle ADG 27d. Zzm. 
With them to make a Triangle (ſo that the Angle ACD may 
be Obtuſe) is required. 

1 On the Primitive Circle make AD (the given Side joining 
to the given Angle) equal to 65d. 20m. by Prob. 6. Caſe 1. of 
Spheric Geometry. | 

2 By Prob. 2. Caſe 2. make the Angle ADC equal to 27d. 
33m. by drawing the Oblique Circle DC, with the Secant thereof. 

3 Draw (by Prob. . Caſe 2.) a Parallel Circle at 34d. 07m. 
diſtance from A, to cut the Oblique Circle DC, in C. 

4 Through A and C draw a great Circle, and it's done. 

To meaſure the Things required. 


The 121. a and BG is meaſured by Prob. : 4 


Prob. 17. Two Angles and one Side oppoſite given; to make an 
Oblique Spheric Triangle. 


Example. Plate 4. Fig. 8. 


Angle CAD. 3od. 48m. 
The Angle ADC 27d. 3om. & given; 
Side — CD 38d. 28m. : 
With them to make a Triangle (ſo that the Side AC may be le/; 
than god.) is required. 
I By Prob. 2. Caſe 2. make the Angle ADC equal to 278. 


Zoom. (always the Angle joining to the given Side) by drawing 


the Oblique Circle DC with the Secant of it. 
2 Draw (by Prob. . Caſe 2.) a Parallel Circle at 38d. 28m. 
diſtance from D, to cut the Oblique Circle DC in G. 


4 3 Thea 
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3 Then through C (by Prob. 3.) draw a great Circle to make 
an Angle at the Primitive Circle, that may be equal to 30d. 
48m. as is the Oblique Circle CA, and it's done. 
To meaſure the Things required. 

The A yg is meaſured by Prob. j 4 

Note, In theſe two laſt Problems, the three given Things 
without the Quality of a Fourth are not ſufficient to make a 
Triangle: And the Quality of the Fourth is not always diſ- 
coverable by the given Things; therefore they are called 
Doubtful Caſts 


Prob. 18. Two Sides and one Angle between them given; to make 


an Oblique Spheric Triangle. 
Example. Plate 4. Fig. 9. 
Side——AC 34d. oom. 
The 3 Side——AD 65d. 20m. given. 
Angle CAD 3od. 46m. 
With them to make a Triangle is required? 
1 By Prob. 2. 5 2, make the Angle CAD equal to 30d. 46m. 
by drawing the Oblique Circle AD with the Secant thereof. 
2 Make AC on the Primitive Circle equal to 34d. o6m. and 
AD on the Oblique Circle equal to 05d. 20m. by Prob. 6. Caſe 
I. and 3. 
3 Through C and D draw a great Circle, and it's done. 
| ; To meaſure the Things required. 
Side CD : 3 7 
The T Angler AGD and ADC 1 meaſured by Prob. : 8 


Prob. 19. Two Angles and one Side between them given; to make 
an Oblique Triangle, 


Example. Plate 4. Fig. 10. 
Angle ACD 131d. 3am. 
The 3 Angle ADC 27d. 3om. + given: 
Side — CD 38d. 28m. 
With them to make a Triangle is required ? 
1 On the Primitive Circle make CD equal to 38d. 28m. the 
given Side, by Prob. 6, "aſe 1. 
2 As C (by Prob. 2. Caſe N make the Angle ACD equal to 
131d. 34m. by drawing the Oblique Circle AC ; and at D make 


the Angle ADC equal to 27d. 3om. by drawing the Oblique 
Circle D4 and it's done. 


Zo meaſure the Things required. 


The 1 Agde OR = ey { is meaſured by Prob. 98 


Prob. 
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Prob. 20. Three Sides given; to make à Triangle. 


Mg, Plate 4. Fig. 11. 
AD 65d. 20m 
The Side 4 CD 38d. 26m & given: 
AC 34d. o8m 

With them to make an Oblique Triangle is required. 

1 On the Primitive Circle make AD equal to 65d. 20m (the 
greater given Side) by Prob. 6. Caſe 1. 

2 Draw (by Prob. 9. Caſe 2.) a Parallel Circle at 34d. 20m. 
| Diſtance from A; and likewiſe another at 38d. 26m. Diſtance 
from D, to cut each other in C. | | 


Through A and C, and alſo D and C, draw great Circles, 
* it's done. 
To meaſure the Things required. 
1 Find (by Prob. ng or Poles of the three Sides of the Tri- 
angle ACD ; that is, E the Pole of AD, F the Pole of AC, and 
G the Pole of CD. 


2 ThroughF and G (by Prob. 4.) draw a Great Circle which 
will form a Triangle EFG. | 

3 The Sides of the Triangle EFG are equal to the Angles of 
the Triangle ACD ; and the Angles of the firſt are equal to the 
Sides of the latter, only the greater Angle in the one, is equalto 
the Supplement (of the greater Side in the other) to 180d. 
That is, the Side EF is equal to the Angle CAD, the Side EG 
is equal to the Angle ADC, and the Side FG is equal to the Sup- 
F plement to 180d. of the Angle ACD. | 
4 The Side EF, EG, are meaſured by Prob. 7. 


Prob. 21. Three Angles given; to make a Triangle. 


Example. Plate 4. Fig. 12. 
CAD 131d. 34m. 
The Angle ACD od. 47m. > given; 
ADC 27d. 3om. 85 
With them to make an Oblique Triangle, is required; 
I Suppoſe a Triangle EFG, whoſe Sides are equal to the Angles 
e of the Triangle ADC ; that is, the Side EF equal to 48d. 26m. 
| | the Supplement to 180d. of the Angle CAD equal to 131d. 34m. 
0 and the Side EG equal to the Angle ACD 30d. 47m. and the Side 
bv | FG equal to the Angle ADC 27d. 3om. 
2 Then make the Triangle EFG of the Sides EF; EG and 
FG; as before in the laſt Problem. | 
3 Find (by Prob. 1.) the Poles of the three Sides of the Tri- 


angle EFG ; that is, A the Pole of EF, C the Pole of EG, and D 
* the Pole of FG. e 


4 Through 
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4 Through C and D (by Prob. 3) draw a great Circle, which 

will form the Triangle ACD required.tobe made. 
To meaſure the Things required. 

The Sides AC, AD, and CD, are meaſured by Prob. 7. 

Thus much I thought neceſſary as preparative to Spheric Tri- 
gonometry by Calculation ; that the Learner might know how 
to make the Meaſure a Spheric Triangle, or any of its Parts ; a 
thing not taught by many, ner well underſtood by more, who 
pretend to be Teachers. | 


Set. III. Of the Affections or Natural Properties of Shper ic 
Triangles. 
Heſe Affections are carefully to be minded, in order to the 
underſtanding what may be, and what may not be given, 
or required in a Spheric Triangle; and having already given you 
the ſeveral Definitions of a Sphere, and the Circles of it, with 
the Kinds of Triangles, which I ſhall not here repeat. I paſs on 
to the Afedions of Sphric Triangles, as follows, 
1 Every Side of a Spheric Triangle is an Arch of a Great 
Circle, and leſs than a Semi-Circle. 
2 Every Great Circle devides the Sphere or Globe, into two 
equal” arts or Hemiſpheres. 
3 Any two Great Circles cutting each other ; the Angles, 
 whichare oppoſite and contrary, are equal. 
4 The Sum of any two Sides (of a Triangle) is greater than 
the third Side. 5 
5 The Sum of the Tees Sides Fi leſs than 2254 bas 


Angles 
more than 180d. 
6 Any two Sides added together, their Sum is leis than the 

Difference between the third Side and 180d. But, 

Any two Angles added together, their Sum is more than the 

Difference between the third Angle and 180d. 

7 In a Rectangular Triangle, the Legs aud their oppoſite An 

- gles are of the ſame Affection; that is, if a Leg be more or lels 

than a Quadrant, its oppoſite Angle is likewiſe more or leſs tha 
a Right Angle. 2 ; 

S8 In a Rectangular Triange, if one Leg be a Quadrant, tl 
Hypotenuſe ſhall be a Quadrant; but if both Legs be of the ſam: 
Affection, the Hypotenuſe is leſs than a Quadrant; if of differer 
it's more, and the contrary ; that is, if each of the Legs be le 

or more than god. the Hypotenuſe is leſs than god. but if on 

Leg be more than god. and the other leſs, the Hypotenuſe 

more than god, WE 


9 if the Hypotenule be 2 than god. one Leg, andi 
| oppo 
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Place this next after Page 122. 


N... E This ſhould be 
3 Fig. 1%. in Plate 2. 
F and belongs to 
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˖ leſs than god. the other may, or not · 
oppoſite Angle will be more, and the other than 904. 


10 If both Angles at the Hypotenuſe are acute or obtuſe, the 
Hypotenuſe is leſs than a Quadrant, but if one be acute, and the 
other obtuſe, the Hypotenuſe is more than a Quadrant. 

11 Inevery Triangle, Greateſt Sides are oppoſite to Greateſt 
Angles, and Equal Sides to equal Angles, 


12 In every Oblique Triangle tw) Obs : Angles being equal 


their oppoſite Sides are equal, each 3 leis | than a Quadrant 


more 
I 3 /f two er ; Angles are unequal, the Side oppolite 


to the ne BY Angle, ſhallbe f let e than a Quadrant 


14 If allrhe Angles are acute, each Side is leſs than a Quadrant. 
Theſe things being premiſed, their Solution followeth ; and 


firſt of Rectangular, in which are 16 Caſes ; and then Obligue- 
angular, in which are 12 Caſes. 


Sect. IV. The Sdlution of the 16 Caſes of Rectangular Spherie 
Triangles, by the Lord Napier”, Catholick Propoſition. 


1. IN aReQtangularTrianglc,there are (beſides the Right-Angle) 
five Things, whictthe Lord Napier calleth the five Circular 
Parts of a Spheric Triangle, amongſt which, the Right Angle 
being not reckon' d, the two Legs are ſuppoſed to join together. 
2 Any one of theſe five Circular Parts, may, by Suppoſition, 
be made a middle Part, and then the two Circular Parts which 
are next to that middle Part, are the Extraims conjun&t. And 
the other (two Circular Parts) remote from that (aſſumed 
middle Part) are the Extreams Disjunct. 

3 In every Caſe, two of the aforeſat Ifive Circular Parts, is 
(always) give to find a third ; theſe three things (two given, 
and one required) of them, one is middle Part, and the other 
two are Extreams, cither Conjunct or Disjunct. | 

The Parts of a Rectangular Triangle being thus diſtinguiſhed, 
obſerve the univerſal Prepolition following, invented by the a- 
foreſaid Lord, the Inventer of Log arithms. 

The Catholick Propolition. 

The Sine ofa middle Part and Radius, are reciprocally propor- 
tional with the Tangents of the Extreams Conjunct; and with 
the Sine Complement of the Extreams Disjun& That is, 

5 1 For Extreams Conjunct, thus ; 

As Radius, is to the Tangent of one Fxtream; ſo is the Tan- 

gent of the other, to the Sine of the middle Part. And, 
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2. For Extreams Disjunct, thus; 

As Radius, is to the Sine Cowplement of one Extream; fois 
the Sine Complement of the other, to the Sine of the Middle 
Part. Therefore, 

Note; When the Middle Part is to be found, the Radius is the 
1ſt Term in the Proportion, as above ; But if either of the Ex. 
treams be required, the other Extream muſt be the firſt Term. 
That is. | 

Fr Extreams Conjunct, thus: 

As the Tangent of the given Extream, is to Radius; ſo is the 
Sine of the Middle Part, to the Tangent of the required Ex- 
tream. And, | 

4, For Extreams Disjuntt thus; 

As the Sine Complement of the given Extream, is to Radius; 
ſo is the Sine of the Middle Part, to the Sine Complement of the 
required Extream. But, | 

Note 1. That if the Middle Part, or either of the Extreams 
Conjunct be the Hypotenuſe, or either of the Oblique Angles ; 
inſtead of Sine and * Tangent, you muſt ule the Sine Comple- 
ment, and Tangent Complement. . 


A TABL T at all the Vaneties ot F. xtreams. 
5 Conjunct and Disjunct. 
Number | Middle Part Ext. Conjunci Ext. Disjunet. 
i 1 Fang. BC | Ne AGB 
2 | Sine AB | Fan. c. BAC Sine A 
2 Sine c. BA Tan. c. Ac Sine c. BC 
cect | Tan AB Sine ACB 
. Tan. c. ACB|\F Sine BC 
Aue e. AG Tun. c. BA | SneAB _ 
4 | Sine c. ACB Tan. o. C | Sine BAC 
an Tan. BC Sine c. AB 
5 | Sine c. BG | Tan. AB Se BAG 
| | Tan. c. ACB Sine AC | 


2 If either of the Extreams Disjunct be the Hypotenuſe, or 
either of the Oblique Angles, inſtead of Sine Complement you 
muſt uſe the Sine. 

And for the eaſier underſtanding theſe Directions, obſerve 
the Table foregoing ; wherein are placed the five Circular Parts 
of a Triangle, under their reſpective Titles, whether they be 
takenforthe middle Part, or for Extreams, either Conjunct or 
Disjunct : And unto thoſe Parts are perfixed, Sine, Sine-Com- 
plement; Tangent and Tangent Complement, as they ought 
to be, and are uſed in the Caſes following. Prob. 
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Prob. 1. Caſe 1, 2, and 3. The Hypotenuſe, and one Leg given; 
I Angle adjacent 
To find4 2 > They Angle oppoſite | to the given Leg? 
3 Other Leg. 
Example. Plate 4 Fig. 1. 


In the Triangle ABC, Right angled at B ; there is given 


Hypot-AC 54d.25m. ? ACB, BAC 
The 7185 BC 23d. zom. and AB — F "<quired? 


This Triangle is made by Prob. 10 of Spheric Trigonometry 


| Geometrical. 


x For the contained Angle ACB or Angle adjacent to be given 
Leg, the Proportion is; 


As Radius is to the Tangeut of the given Leg : ſois the Tan- 


| gent Complement of the Hypotenuſe, to the Sine Complement 


of the contained Angle required. Or thus, 
Radius T. LegBC :: T. c. Hypot. AC S. Angle ACB 
T. 45d. T. 23d. 30m. :: T. 35d. 35m. S. 18d. 16m. 


Which ſubtract from god. reſt 71d. 54m, for the Angle ACB 
required, | 


Therefore the extent (on the Gunter”s Scale) from Tangent 
of 45d. to Tangent of 23d. 3om. reacheth from Tangent 35d. 
35m. to the Tangent 17d. 15m. againſt which on the Line of 


| Sines, is 18d. 16m. the 4th Term inthe Proportion above. 


Note, the Hyp.and given Leg 3 _ : more iy 5 othes : leſs 
| : „ A 
than a Quadrant, or god. the required Angle is Oden 


2 For the Angle BAC oppoſite to the given Leg, the Pro- 


portion is thus; 


As the Sine of the Hypotenuſe, is to Radius; ſo is the Sine 
of the given Leg, to the Sine of its oppoſite Angle. Or thus; 

8. Hipot. AC Radius:: S. Leg BG. . S. Angle BAC 

S. 54d. 25m S. 9od. :. S. 23d. 30m... Sine 29d. 3zom. 

Therefore the Extent (on the Gunter) from Sine 54d. 2 5m. to 
Sine of god. reacheth from Sine of 23d. 30m. to Sine of 29d. 
zom. the fourth Term in the Proportion aforeſaid. 


Note, The given Leg ] 2 5 than a Quadrant, the required 


dee {one 
3 For the other Leg AB, the Proportion is thus; 
As the Sine-Complement of the given Leg, is to Radius; ſo is 
the Sine - Complement of the Hypotenuſe, to the S ue- Complement 
of the required Leg; or thus; 
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S. e. Leg BC . Radius:: S. c. Hip. AG.. S. c. Leg Ag required. 
8. 66d. 30m. S. god. :: S. 3 5d. 35m... S. 39d. 3 zm. which 
ſubtract from 90. reſteth 5od+ 25m. for the Leg AB requir'd. 

Therefore the Extent (onthe Gunter”s Scale) from Sine of66d. 
zom. to Sine of god. willreach from Sine of 35d, 35m. to Sine of 
39d. 35m. the fourth Term in the Proportion aforeſaid. 


One 


Note; The Hypotenuſe and given Leg of 3 differ ak 
kind the required Leg is ; lels + than a Quadrent. 


more 
Prob. 2. Caſe 4, 5, and 6. 
The Hypotenuſe, and one Angle given, 


1. Weg oppoſite . > 
To find 4 2 Leg 8 to the given Angle? 
3 Jother Angle. 
Example. Plate 4. Fig. 2. 
In the Triange ABG Right-angled at B; there is gi. 
Hipt. AC. 54d. 25m. Leg BG and AB, and 
ven 2 Angle BA 29d. 3om. F Angle ACB required; 


This Triangle is made by Prob. 11. of Spheric Trigonomety if 


Geometrical. n 

1 For the Leg BC oppoſite to the given Angle, the Propor. 
tion is thus; 9 4 (4904-0 

As Radius is to the Sine of the Hypotenuſe; fo is the Sine 
of the given Angle, to the Sine of its oppoſite Leg required, 
G OE RE a t4s As | = | 

Radius .. S.Hipot.AC :: S. Angle BAC. . S. Leg. BC. 

S. god. ..S. 54d. 25m:: S. 29d. zom. S. 23d. 32m. 


Note, The given Angle 0 Opp | the Leg found 


N 
2 le 8 £ | 
1s Pin : | than a Quadrant 


2 For the Leg AB, adjacent to the given Angle, the Pro- 
portion is this; | VVV 
As the Tangent Complement of the Hypotenuſe, is to Radius; 
ſo is the Sine Complement of the given Angle, to the Tangent of 
its adjacent Leg required. Or, Wo BE WEEN | 
As Radius, is to the Sine Complement of the given Angle 
ſois the Tangent of the Hypotenuſe, to the Tangent of the 
Leg required; That is, 
Radius S. c. BAC :: T. Hipot. AC.. F. Leg ABrequired. 
S god. ** S. God. 30m. :: T. 54d. 25m. .. T. 50d. zom. 
Note; When each given Thing is leſs, or more than god. the 
required Leg is leſs than a Quadrant, but if one is leſs, and the 
other more, the required Leg is more than a Quadrant. g 
3 Po 


| Geometrical. 


N | 
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3 For the other Angle AC B, the Proportion is this; 

As the Tangent Complement of the given Angle is to Radius; 
ſo is the Sine Complement of the Hypotenuſe; to the 7. angent 
Complement of the other Angle required. Or thus; 

As Radius, is to the Sine Complement of the Hypotenuſe ; ſo 
is the Tangent ofthe given Angle, to the Tangent Complement 
of the Angle required. That is; 8 

Radius .. S. c. Hipot. AC :: T. Angle BAC.. T. c. Angle ACB 


$.90d. ..S. 35d. 35m :: T. 29d. Zom. ** T. 18d. tom. 
Which ſubtract from 90d. reſts 71d. 5om. for the Angle AC B. 
Note; When each given thing is leſs, or more than god. the 


required Angle is Acute: but when one is more, and the other 
| lets, it's Obtuſe. 


| Fro, 13. Caſe 7, Sando. £ Leg and its adjacent Angle, given. 
; LS : Angle 
To bag 2 Free Aude; oppokte to the given 91 2 a 


3 Hypotenuſe 


| Example. Plate 4. Fig. 3. 
In the Triangle ABC, Right angled at B, there is 
Leg——AB 50d. 3om. wo BC, Angle A8, 
given ] Angle BAC 29d. 3om. 5 and Hypot. AC required. 
This Triangle is made by Prob. 12. of Spheric Trigonometry 


For the Leg BC oppoſite to the given Angle, the Propror- 


As the Tangent Complement of the given Angle is to Radi- 
dius ; ſo is the Sine of its adjacent Leg, to the Tangent of its 


| oppoſite Leg required. Or thus ; 


As Radius, is to the Sine of the given Leg; ſois the Tangent 
of its adjacent Angle to the Tang. of its oppoſite Leg. That is; 
Radius S. Leg. AB :: T.AngleBAC + T. Leg BC req, 

S. god. ++ S. god. Zom: :: T.29d. 30om. T. 23d. 35m. 

Note, The given Angle Acute, the required Leg is leſs than 
2 Quadrant, but when Obtuſe then more than a Quadrant. 

2 For the Angle ACB, oppoſite to the given Leg, the Pro- 
portion is; eee 

As Radius, is to the Sine Complement of the given Leg; ſo 
is the Sine of its adjacent Angle to the Sine Complement of 
it's oppoſite Angle required. That is, 

Radius Sc. Leg AB:: S. Angle BAC + Sc. Angle ACB req. 

$.90d. . $.39d. 3Om. :: S. 29d. zom. S. 18d. 12m, 
whoſe Complcment 71d. 48m. is the Angle AC B. 

Note; The given Leg leſs or more than god the Angle re- 
quired is Acute, or Obtuſe accordingly. 

2 For the Hipotenuſe, the Proportion is: 
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As the Tangent of the given Leg, is to Radius, ſo is the 
Sine Complement of its adjacent Angle, to the Tangent Com- 
plement of the required Hypotenuſe. Or thus ; 

As Radius is to the Sine Complement of the given Angle ; 
ſo is the Tangent Complement of its adjacent Leg, to the Tan- 
gent Complement of the Hypotenuſe. That is; 

Radius Sc. Angle BAC :: Tc. Leg AB.. Tc. Hypot. AC 

S. god. S. bod, 30m. :: T.39d. 3om. + T.35d. 38m. 
whoſe Complement 54d. 22m. is the Hypotenuſe AC. 

Note ; When each thing is leſs, ormore than god. the Hypo. 
tenuſe is leſs than a Quadrant, but if one is leſs, and the other 
more, then the Hypotenuſe is more than a Quadrant. 


Prob. 4. Caſe 10, 11 and 12. A Leg andits oppoſite + 3M 


3 


I Le . . e 
To find 2 2 Cthe Angl 4 : adjacent to the given 5 Leg ? 
3 Hypotenuſe. 


Example. Plate 4. Fig- 4. 
In the Triangle BAC, Right-angle at B; there is 
. Leg—BC 23d. 3om. 2 Leg AB, Angle ACB, and 
Swen 7 AngleBAC 29d. 3om. & Hypotenuſe AC required. 
This 'Triangle is made by Prob. 13 of Spheric Trigonometry 
Geometrical. . 
1 For the Leg AB adjacent to the gicen Angle, the Propor- 
tion is this: | 
As Radius is to the Tangent ofthe given Leg; ſo is the Tan- 
2 Complement of its oppoſite Angle to the Sine of the other 
eg required. That is; 
Radius T.: Leg BC :: e S. Leg AB required. 
T. 45d. T 23d. 3om.:: T. „ 30m. 5od. 25m. 
Note; If the unknown Angle be Acute or Obtuſe, the required 
Leg accordingly is leſs or more than a Quadrant. 
Or the Hypotenuſe and given Leg, each leſs or more than 
god. the required Leg is leſs than a Quadrant, but if one is more 
and the other leſs, it's more than god. 
2 For the Angle ACB adjacent to the given Leg, the Pro- 
portion is this; | 
As the Sine Complement of the given Leg is to Radius; fo 
is the Sine Complement of its oppolite Angle, to the Sine of its 
adjacent Angle. That is, 
Sc. Leg Bd Radius:: S c. Angle BAC +» S. Angle ACB 
S. 66d. 30m. . S. god. :: S. God. 30om. S. 71d. 48m. 
Note; If the Hypotenuſe and given Angle be each leſs, or 
more than god. the Angle required is acute; but when one 15 
more and the other leſs, it's obtuſe. SH "Y 
15 
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Or, the Leg adjacent to the given Ange being leſs, or more 
than god. accordingly the Angle required is Acute or Obtuſe. 

3 For the Hypotenuſe AC, the Proportion is thus ; 

As the Sine of the given Angle, is to Radius; ſo is the Sine 
of La oppolite Leg, to the Sine of the Hypotenuſe required. 
That is; 

S. Angle BAC : Radius:: S. Leg BC . S. Hypoten. AC req. 

S. 29d. 30m. ** S. god. :: S. 23d. 3om. . S. 54d. 20m. 

WE: if both Legs, or both Angles be of one Kind, the 

Hypotenuſe is leſs than a Quadrant, but if they be of different 
| Kinds, the Hypotenuſe is more than a Quadrant. 
| Prob. 5. Cafe 13. and 14. Both the Legs given; to find I either 
of the Angles ? 2 The Hypotenuſe 2 

Example. Plate 4. Fig. 5. 

In the Triangle ABC, Right angled at B ; there is, 

bnd B god. 30m. F Angle BAC, or ACB, and 
given CS 2. BC 23d. zom. 2 Hypotenuſe AC required. 

This Triangle is made by Prob. 14. of Spheric Trigonometry 
Ceometrical. 

I For either of theſe Angles, the Proportion is ; 
As the Tangent of one Leg is to Radius, ſo is the Sine of 
| the other Leg to the Tangent Complement of the Angle op- 
polite to the firſt Leg. Or thus, 
As Radius, is to the Sine of one Leg; ſo is the Tangent 
| Complement of the other Leg, to the Tangent Complement 
| of the Angle oppoſite to the laſt Leg. That is, | 
Radius S. Leg AB:: T. c. Leg BC ++ T. c. Angle BAC 
S. god. T. 50d. 30m. :: T. 66d. 3om. . T. 60d. 3 5m. 
r WW vhoſe Complement is 29d. 25m. is the Angle BAC, alſo it is, 
Radius ** S. Leg BC :: T. c. Leg AB + T. c. Angle ACB 
S. god. ** S. 23m. 3om. :: T. 39d. 3om. + T. 18d. 15m. 
whoſe Complement 71d. 45m. is the Angle ACB. 
d Nete, If the Leg oppoſite to the required Angle be leſs than 
Quadrant, the Angle ſought is Acute; but when greater, 
n then it's Obtuſe. 
e 2 For the Hypotenuſe, the Proportion is thus; | 
As Radius, is to the Sine Complement of one Leg, fois the 
7 dine Complement of the other Leg, to the Sine Complement 
of the Hypotenuſe. That is, 

Radius S. c. Leg AB :: S. c. Leg BC S. c. Hypotenuſe AC. 
ts S. god. S. 39d. 3om. :: S. 66d. zom. * S. 35d. 4om, whoſe 
Complement 54d. 20m. is the Hypotenuſe AC. 

Ne, If both Legs be of one kind, the Hypotenuſe is leſs 
than a Quadrant, but when of different Kinds (that is one Leg 
more, the other leſs than a Quadrant ; ) then the Hypotenuſe 
more than a Quadrant. f | 5 

| : FTOD, 
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Prob. 6. Caſe 15 and 16. Both the Oblique Angles given; 19 
Find 1, either of the Legs? 2. The Hyputenuſe ? 


Example. Plate 4. Fig. 6. 
In the Triangle ABC, Right angled at B; there is given 
le $ BAC 29d. zom. Leg AB or BC, and 
Angle J ACB 71d. 56m. 5 Hypotenuſe AC required, 

This Triangle is made by Prob. 15. Spheric Trigonometry 
Geometrical, 

1. For either of the Legs, the e oooh” is thus ; | 

As the Sine of one Angle is to Radius; ſo is the Sine Com- 
plement of the other Angle, to the Sine Complement of its 
oppoſite Leg. That is, 

S. Angle BAC * Radius:: S. c. Angle ACB * Sc. Leg AB. 

8. 204 zom. S. god. :: S. 18d. oqm. © 40d. 45m. 
whoſe Complement 49d. 1 5m. is the Leg AB; alſo it is, 

S. Angle ACB Radius :: S. c. Angle BAC S. c. Leg BC, 

S. 71d. 56m. * S. god. :: S. God. zom. S. 66d. 3om. 
whoſe Complement 23d. zom. is the Leg BC. 

Note, If the Angle oppoſite to the required Leg be Acute, the 
Leg ſought is lefs than a Quadrant; but if Obtuſe, then greater 
than a Quadrant. 

2. For the Hypotenuſe, the Proportion is thus ; 

As Radius, is to the Tangent Complement of one Angle; ſo 
is the Tangent Complement of the other Angle, to the Sine 
Complement of the Hypotenuſe. That is, 

Radius T. c. Angle BAC::T. c. Angle ACB*'Sc, Hypot. AC, 

T. 45d. T. 60d, 30m. :: T. 18d. o4m. * S. 35d. 35m. 
whoſe Complement 54d. 25m. is the Hypotenuſe AC. 

Note, The Angles of one kind, the Hypotenule is leſs than a 
Quadrant; but when of different kinds, it's more than a Qua- 
drant. 

Sect. V. Four. Axioms, by which the 12 Caſes of Oblique angled 
Sßheric Triangles are ſolved. 


| N all Spheric Triangles, the Sine of their Sides 
Heim 1. 1 are in Het een to the Sines of their op- 
poſite Angles. That is, 
I, As the Sine of a Side, is to the Sine of it's oppoſite Angle; 
ſo is the Sine of another Side, to the Sine of its oppoſite Angle. 
2, As the Sine of an Angle, is to the Sine of its oppoſite Side; 
ſo is the Sine of another Angle, to the Sine of its oppoſite Side. 
Axiom 2, Firſt, As the Sine of half the Sum of the two Sides 
(containing an Angle) is to the Sine of half their Difference ; 
So is the Tangent Complement of half the contained Angle, 
to the J angent of half the Difference of the other two Angles. 


A gain 
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5 Again, 

Secondly, As the Sine 838 of half the Sum of two 
Sides (containing an Angle) is to the Sine Complement of 
half their Difference. | 

So is the Tangent Complement of half the contained Angle, 

to the Tangent of half the Sum of the other two Angles. 

Axiom 3. Firſt, As the Sine of half the Sum of two Angles 
is to the Sine of half their Difference; 

So is the Tangent of half their interjacent Side to the Tan- 
gent of half the Difference of the other two Sides, Again, 

| Secondly, As the Sine Complement of half the Sum of two 
Angles is to the Sine Complement of half their Difference ; 
So is the Tangent of half their interjacent Side, to the Tan- 
gent of half the Sum of the other two Sides. 
Axiom 4. As the Rectangle of the Sines of the two contain- 
ing Sides, is to the Square of Radius: | 
So is the Rectangle of the Sines of half the Sum of the three 
Sides, and of the Difference of the Side oppolite thereto, to 
| — e of the Sine Complement of half the contained An- 
elought. _ 
: The Exvlenation and Uſe of theſe 4 Axioms, you will find 1 by 
in the Solution of the following Caſes of Oblique Triangles. . 


Prob. 7. Caſe 1. 2. and 3. 1 
Two Sides and an Angle oppoſite given, to find _ 
1. The Angle oppoſite to the other Side. 
2. The Angle contained between them. | if the required. 
3. The Third Side 


12 W oppoſite Angle be foreknown to be acute or obtuſe. 


Example. Plate 4. Fig. 7. | 

led In the Oblique Triangle ACD there is | 9 
Side AC 34d. 07m, Angle ACDbeing obtuſe | N 

given Side AD 65d. 20m. Angle CAD req. Wi 
des Angle ADC 25d. zom. J Side CD g 1 


i 
; 
op- This Triangle is made by Pr. 16. of Spheric Trigmometry 4 
Geometrical, | 4: | 
1, For the oppoſite Angle ACD, the Proportion by Axiom i i 
I, is thus: by | | | 
As the Sine of the Side AC, is to the Sine of the Angle ACD 
. the Sine of the Side AD, to the Sine of the Angle ACD. N 
hat is; Os 
S. Side AC ** S. Angle ADC :: S* Side AD*S. Ang. ACD req. 
S. 34d. om. S. 27d. zom. :: S. 65d. 20m. © S. 48d. 25m. wn 
Which ſubſtract from 180d. reſteth 131 d. 35m. for the An- 1 
gle ACD being Obtuſe. ball 


2. For 
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2. For the contained Angle CAD (having before found the 
oppoſite Angle) the Proportion by Axiom 2. Part 1. inverted is 


us; 

As the Sine of half the Difference of the Sides AD and AC, 
is to the Sine of half their Sum; ſo is the Tangent of half the A 
Difference of the Angles ACD and ADC, to the Tangent Com- 
plement of half the Angles CAD. And, 

3. For the third Side CD (having found the oppoſite Angle) 
the Proportion by Axiom 3. Part 1. inverted is thus; 

As the Sine of half the Difference of the Angles ACD, and 
ADC, is to the Sine of half their Sum; | 

So is the Tangent of half the Difference of the Sides AD 
and AC, to the Tangent of half the Side CD. That is; 


d. m. d. m. 
Side AD 65. 20 Ang. ACD1 31.35 | 
Side AC 34.07 d. m. Ang. ADC 27.30 d. m 


Sum is 99 279 Sum a9. 43 Sum is W ; } Sumy. 32 

Differ. 243 JJ Dif16.30 Diff. is 104.05 5 

S. 2 Diff. Sides * S. their Sum :: T.; Diff. Angles T. c. : CAD, 

S. 15d. 36m. S. 49d. 43m. :: T. 52d. am. T. c. 74d. 40m, 
Which ſubtract from god. oom, 
Remainder is:; the Angle CA 1 5d. 20m. 


Which being doubled . ˙ —9ç— 
Produceth the required Angle CAD 30d. 4om 
S. 1 Diff. Angles S. i their Sum :: T. 2 Diff. Side. T. 3 CD, 
S. 52d. 02m. . S. 79d. 32m. :: T. 15d, 36m. T. 199, 12m. 
Which being doubled — q d. 12m 
Produceth the required Side CD — 38. Zam. 


Prob. 8. Caſe 4. 5. and 6. | 
T Augles, and one Side oppoſite given * to find 
1. The Side oppolite to the other Angle 
2, The interjacent, or Side between them L if the required 
3. The third Angle | 
oppolite Side be foreknown to be more, or leſs than a Quadrant, 
Example. Plate 4. Fig. 8. 

In the Oblique Triangle 400; there is given 

Angle CAD Zod. 48m. £5. AC leſs than god. 


Angle ADC 27d, zom. Side AD —— 
Side CD 38d. 38m. ) Angle ACD ———— 

This Triangle is made by Prob. 17. of Spheric Trigonometry 
Geometrical, 


required, 


. For the oppoſite Side AC, the Proportion by Ax. 1. is thus, wen 
As the Sine of the Ang, CAD, is to the Sine of the Side CD, ſo 
is the Sine of the Ang. ADC to the Sine of the Side AC. That eh 


FFF A © - - 8 


— 
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ant, 
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8. Angle CAD S. Side CD:: S. Angle ADC ©S. Side AC req, 
8. 81 48m. S. 38d. 28m. :: S. 27d. zom. S. 34d, o6m. 

2. For the interjacent Side AD, (having firſt found the op- 
polite Side) the Proportion by Ax. 3, Part 1. inverted is thus; 

As the Sine of half the Difference of the Angles CAD, and 
ADG, is to the Sine of half their Sum, 

So is the Tangent of half the Difference of the Sides CD and 
AC, to the Tangent of half the Side AD. And, 

. For the third Angle ACD, (having firſt found the oppoſite 
Side) the Proportion, by Axiom 2. Part 1. inverted is thus; 

As the Sine of half the Difference of the Sides CD and AG, 


| is to the Sine of half their Sum. 


So is the Tangent of half the Difference of the Angles CAD 


| ind ADC , to the Tangent Complement of half the Angle 
ACD. That is; 


ADC2 7.30 d, m, 


dum is 3 i 7 Sum is depot; | } 836.17 


Difference 03.18 Diff. o. 30 Differ. 04. 22 5 


8.1 Diff. Angles + S.; their Sum :: T. 3 Diff. S. Te. à2 AD. 
8. ord, 30m. 8. 29d. om. :: T. od. 11m, ** T. 32d. 38m. 
| Which being doubled 


32d. 38m. 
Produceth the interjacent Side AD to be 65d. 16m. 
S. 1 Diff. Sides ·· S. their Sum: : T. Diff. Angles Te. AC 
8. 02d. 11m. S. 36d. 17m. :: T. od. 39m. © T. 24d. 14m. 


Which ſubtract from | 90d. oom. 
Remainder is half the Angle ACD — 65d. 46m. 
Which being doubled by 05d. 46m. 
Produceth Angle ACD to be 131d. 02M. 


Note, In the ſix preceding Caſes, the three given Terms, 
without the Quality of a fourth are not ſufficient, whereby one 
lngle Anſwer may be found; and the Quality of the fourth 
not always diſcoverable by the given Terms: Therefore 
hey are called the Six Doubttul Caſes. 


Problem 9. Caſe 7 and 8. 
Two Sides and one Angle between them given; to find 
1. Either of the other Angles ; 

2, The third Side, or Side oppoſite to the given Angle. 
Example. Plate 4. Fig. 9. 
In the Oblique Trianole ACD; there is 


ide AC 234d. om. Angle ACD or 

en Side AD 65d, 20m.4 Angle ADC and required. 
Angle CAD 3od. 46m. C Side CD is — 
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This Triangle is made by Problem 18. of Spheric Trigonome. 
try Geometrical, in Page, 120. 


For the Angle ACD, or ADC, the Proportion (by Axiom 2.) 


is thus ; 

3 5 m. d. m. 
Side AD Os. 20 Angle CAD 30 46. d. m. 
Side AC 34. OIThe Half is 15. 23. C — 9 74 7. 
Sum of Sides 99. 26 The» Sum 49.43. is Com. > 40. 17. 
Differ. Sides 31. 14 Diff. 15.37. 74. 23. 


As. Sum AD & AGS. their Diff. :: T. c. CAD T. 3 Diff. A. 

As S. 49d. 43m. ** S. 15d. 37m. :: T. 74d, 32m. ** T. 52d. on, Ji 

hen again, © | 

As Sc." SumSides + Sc. their Diff. :: T. c.: CAD T.; Sum Angle, i 

As 8. 40d. 17m. S, 74d. 23m, :: T. 74d. 37m.” T. 79d. 32m. 
To it add the half Difference found above — ad. om 


The Sum is the greater Angle ACD — — 131d, 34" ll 
And being ſubtracted, is the leſſer Angle ADC -- 27d. 30. 
Note, If the Sum of the two contained Sides exceeds a Sen. 
circle, then ſubtract each ſide from 180 Degrees, and procei 
with thoſe Remainders as with the Sides given; the Proporta 
produces the Complements of the Angle required to aSemicirc Wi 
For the third Side CD, or Side oppoſite to the given Ang, Wi 
as alſo in Caſe 10. following, the Proportion (after the W 
above is done) may be made by 4xiom 1. Or it may be deduc! WW 
from theLord Napzer”s Catholick Propoſition by a given Perpn- 
dicular, let fall from one End of the leſſer given Side, to | 
greater Side given, reducing the Oblique Triangle, into tw 
Rectangulars) which finds the Side- oppoſite to the given Any! 
at two Proportions, without finding the Angle; and it's th, Wa 
1. As Radius is to the Sine Complement of the conta 
Angle; ſo is the Tangent of the leſſer given Side to the Ti 
gent of a fourth Arch, | 41 
Then, if the contained Angle be Acute, ſubtract the fom \ 
Arch from the greater given Vide, but when it is Obtuſe fn 
the Supplement thereof to 180 Degrees, the Remainde's 
called the Reſidual Arch. Then, 


2̃. As the Sine Complement of the fourth Arch is to thee 
Complement of the Reſidual Arcb; | 

So is the Sine Complement of the leſſer given Side, to tit 

Sine Complement of the Side required, That is : 

As Radius Sc. Angle CAD :: T. Side AC * T. fourth Ar 

As S. god. S. 59d. 14m. :: S. 34d. om. T. 3od. 12m. Mi 
being ſubtracted from the Side AD 65d. 20m. 


The Remainder is the Reſidual Arch — 35d. o8m. 


— - 
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As Sc. ꝗth. Arch. -S. c. Reſid. Arch. :: S. c. Side AC *S.c. SideCD. 
As S. 59d. 48m. S. 54d. 52m. :: S. 55d. 54m. S. 51d. 3 5m. 
Whoſe Complement 38d. 25m. is the Side CD required. 
Note, When the contained Angle, and Reſidual Arch, are 
each leſs, or more than go Degrees, the Side ſought is leſs than 
a Quadrant. But when one is more and the other leſs, it's 
more than a Quadrant. | 
Problem 10. Caſe ꝙ and 10. 
Two Angles and one Side between them given ; 
To find . Either of the other Sides ? 
9 Jie t 2. The Angle oppoſite to the given Side ? 
Example, in the Oblique Triangle ACD; there is given, 
Angle ACD 131d, jon Side AC or 
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The Angle ADG 27d, 30m. 4 Side AD and required. 
Side CD 38d. 28m. C Angle CAD is 
This Triangle is made by Problem 19. of Spheric Trigonome- 
try Geometrical, in Page 120. See Plate 4. Fig, 10. 
For the Side AC, or AD, the Proportion (by Axiom 3.) is thus; 


Angle ACP 131. 34 The Side CD 38. 28 

Angle ADG 2. zol The? is — 19. 14 d. m, 
Sum of Angles 1 50. 54d x 2 Sum 3 ti 10.28 
Difference is 104. od Te S Diff. 52.02 e A 
As S.: Sum Am. S. their Diff.: T. Side CD. T.: Diff. Sides 


As S. 79d. 32m. S. 52d. o2m. :: T. 19d. 14m. T. 15d. 38m. 
BY Then again, * 

S. c. Sum Ang.. S. c. their Diff. :: T. Side CD T. Sum Sides. 
As S. 10d. 28m. . S. 37d. 58m. :: T. Iod. 14m. T. 49d. 45m. 


To it add the half Difference found above. — 15d 


38m. 
The Sum is the greater Side AD — 65d. 23m. 
And being ſubtracted, is the leſſer Side AC —— 34d. 07m. 
Note, If the Sum of the two given Angles exceed 180 deg. 
then ſubtract each given Angle from 180 Degrees, and proceed 
with thoſe Remainders as with the Angles given the Operation 
will produce each required Side's Supplement to 180 Degrees. 
For, the Angle CAD, the Angle oppoſite to the given Side, 
the Proportion (after the Work above is done) may be by Ax- 
iom 1. Or from the Catholick Propoſition (by a Perpendicular let 
fall from the greater given Angle to its oppoſite ſide) thus; 
1. As Radius, is to the Sine Complement of the interjacent 
Side; So is the Tangent of the leſſer given Angle, to the Tan- 
gent of a Fourth Arch. 554-8 
Then, if the interjacent Side be more than a Quadrant, ſub- 
tract the Fourth Arch from the greater you Angle, but when 
it's leſs, from the Supplement thereof to 180 Degrees, the 
Remainder is the Reſidual Arch, Then, 


—— — —ę— 


* 
S — 
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2. As the Sine Complement of the Fourth Arch, is to the 


Sine Complement of the Reſidual Arch. 


So is the Sine Complement of the leſſer given Angle, to the 
Sine Complement of the Angle required. That is; 
As Radius 8. c. Side CD :: T. Angle ADC T. 4th. Arch. 


As S. god. 8. 51d. 32m. :: T. 27d, 3om. + T. 22d. 10m. 


which ſubtract from (the Suppl. of the Ang. ACP) 48d. 26m. 


The Remainder is the Reſidual Arch — 26d, 16m. 
Then, | I 

S. c. 4th Arch S. e. Reſide Arch. :: S. c. Ang. ACD :: S. c. Ang. 

CAD req. S. 5d. 50m. S. 63d. 44m. :: S. 62d. 30m. S. 59d. 12m. 

whoſe Complement 3od. 48m. is the Angle CAD required. 
Note, 'Then the interjacent Side and Reſidual Arch, are each 

leſs, or each more than god. the Angle ſought is Acute ; but 

when one is more and the other leſs, it's Obtuſe. 

Problem 11. Caſe 11. Three Sides given to find either of the Angles. 

cf Example Plate 4. Fig. 1. 
In the Oblique Triangle ACD there is given, 


AD :65d. 2om. ) Ad, or 
The Side 4 CD 38d. 26m. Angle ADC, or 
A 34d. o8m. CAD, required? 


This Triangle is made by Problem 20. of Spheric Trigonometry 
Geometrical, in Page 120, 121. oy | | 
'The Reſolution of this and, the following Caſe depends upon 
Axiom 4. and for the more ſpeedy Solution, obſerve theſe Di- 
rections, viz. . | £ 

1. Add the Three Sides together, and from their half Sum 
ſubtract the Side oppoſite to the Angle required, nothing the 
Remainder. . | 

2. To the Complement Arithmetical of the Log-Sines of the 
containing Sides, add the Log: Sines of the half Sum and the 
Remainder :: Half the Total of theſe 4 Logarithms, is the Log. 
Sine of half the required Angle's Supplement to 180 Degrees. 

we be Operation for the Angle ACD, is thus; 
4 * 4 " m. ALL Y * 0 As ho » 
AC, 34. 08 | S. co. ar. 0.250044 
A5 85 20( 2 Sum Sides 68d. 57m. S. — 355 
Sum is 137. 573 Sum of is Ad. 37m. S.———8,799897 


Sum is 68. 575 Sum of the 4 Logarithms is — 19.227334 


Side 945 38. 8 The containing Sides 18 co. ar. 0.206487 


Remain. 3. 37 ' 24d. 15m. S. Sum 9.613667 
Double it ——— — 24d. 15m, | 
The Sum 1s — — — 48d. zom. ; | | 


Which ſubtract from — 1804. oom. 
Remainder is th e Angle ACD1 21d. 39m. | In 
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In like manner you may find any other Angle by Logarithms, 
But by Gunter's Scale ſay, 
1. As Radius, is to the Sine of one of the containing Sides 
So is the Sine of the other containing Side to a Fonrth Sine. 
Then, 


2. As that ath Sine is to the Sine of the half Sum of the Three 
Sides , 


So is the Sine of the Remainder, to a Fifth Sine ; ; againſt which 
on the Line of verſed Sines is the Angle required. 

That is, 27 

As Radius 8. Side CD :: S. Side A C · a Fourth Sine. 

As 8. god. ** S. 38d. 26m. :: 8. 24d. Sbm. 8. 20d. 20m, 


Then again, | 
As Fourth Sine ** S.: Sum Sides :: S. Remainder +» a Fifth Sine. 
AsS. 20d. 26m... S. 68d. 57m. :: S. 03d. 37m. ** S. 9d. 43m. 


againſt which on the Line of Verſed Sines, is 131d. zom. the 
Angle ACD as before. 


Problem 12. Caſe 12. The Angles given, to find a Side 
Example. Plate 4. Fig. 12. 


In the Oblique Triangle ACD; there is given the 


ACD | god. 47m CCD, or 
Angle ADC. 27d. zom. Side à AC, or 
CAD 131d. 3am. AD. required. 


Geometrical, in Page 121. 
This Caſe is likewiſe performed by the Directions in Caſe 11. 
the Angles being accounted Sides, and the Sides Angles ; and 


| then taking the Supplement of the greater (given) Angle to 189 
Degrees. 


For a8 Side AD, the Operation is thus "W 

d. m 

p. An. CAD 48 26 1 c. ar. O. 125992 
hngle ADC 27 30 The adjacent Angles to ar. O. 235595 


Angle ACD_30._47 | ;Sum Ang. 53d, 21m 8. ——9-904335 


; Sum is 106 4 100 43 Remainder 22d 34m. 8. ——9. 5840.57 
5 8um is 53 21 Sum of the 4 Logarithms is 19.949979 
7 Remainder 22 34 —— 70 458. 2Sums 9. 974989 
4 5 Double it A | 
7 The Sum is ———— 141 30 Which 

Subtract from 180 OO 


Remainderis theSideAD38.30 
"I like; manner may any other Side be found by Logarithms: 
n [rms By 


This Triangle i is made by Problem 21, Spheric Trigonometry. 
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3 . By Gunter's Scale. 


1. As Radius, to the Sine of one of the adjacent Angles (to 
the Side required) fo is the Sine of the other adjacent Angle to 
a Fourth Sine. i 
2. Then as a Fourth Sine, is to the Sine of the half Sum of 
three 2 ; 
So is the Sine of the Remainder, to a Fifth Sine; againſt 


which, on the Line of Verſed Sines, is the Side required. 
That is, 


As Radius S. Sup. CAD :: S. Angle ADC, a Fourth Sine 

As S. god. S. 48d. 26m. :: S. 27d. 30m. ** 8. 20d, 13m. 
Then again, 

As Fourth Sine S.: Sum Angles :: S. Remainder a Fifth Sine 

As S. zacd. I zm. 8. 53d. 21m. :: 22d. 34m* S. 20d. 1 3m. 

2 on the Line of Verſed Sines is, 38. 30m. 

the Side AD as above. 

Note; When the greater Side (CD, which ever is oppoſite to 
the greater Angle) is required, the Operation will produce the 
Supplement thereof to a Semicircle ; wherefore if it be ſubtracted 
from 180d. it leaves the Side ſought : Or by the Logarithms) if 
you omit this part of the Operation (which ſubtract from 180 
Degrees, c.) you have the Side required. 


So much for the Doctrine of Spheric Triangles ; the Applica 
tion follows, 
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CHAPTER VI. 
Containing the Deſcription and Uſe of theGL ones. 


1 Aving finiſhed Spheric Trigonometry, it remains to ſhew its 
5 Uſes in Geography, Great Circle- Sailing, and Aſironomy; in 


order to the perfect underſtanding of theſe, it's requiſite firſt to 
be acquainted with the Nature and Uſes of the Globes, which 1 
will endeavour to perform briefly and plainly. 


Section I. The Deſcription and Uſe of Globes in general. 


1. A Globe, as to it's Name and Figure is fo generally know? 


thatit's needleſs here to produce a Mathematical Defini- 
tion of it ; but as to the Kinds of Material Globes, and their 


Parts, it is neceſſary ſomething ſhould be ſaid. | 


2, The Kinds of Globes are two, Terreſtrial and Celeſtial, 


which together with their Appurtenances, are for the lively 


Repreſentation 
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Repreſentation of the Natural Situation and Poſition of the 
Earth, and Heavens, and are uſeful for the demonſtrating (by 
Repreſentation and Reſolution of any Problem belonging to the 
Sphere of Heaven or Earth, either in Geograpty, Navigation, or 
Aſtronomy. 

3- The Appurtenances appertaining to Material Globes are 
Six ; The Body or Globe it ſelf, Brazen Meridian, Quadrant of 
Altitude and it's Screw, Hour Circle and Index, Wooden Frame 
or Horizon, and Braſs Semicircle of Poſition, all may be uſed 
with either Globe; yet the laſt being of leaſt Uſe may be ſup- 
plied by the Quadrant of Altitude. 

- 4- The Body or Globe it ſelf, is an Emblem of Heaven, or of 
Earth; on which are drawn divers Lines, and Circles ; uſeful 
and proper for the underſtanding them. 

5. The Brazen Meridian, is the Ring in which the Globe 
hangeth, and turneth upon its Axis, being two Wires, iſſuing 
forth its Body; and is divided into four Quadrants, each go De- 
grees, and ſigured 10, 20, 30, ©c. to 90. | | 

6. The Quadrant of Altitude, is a narrow thin flip of Braff, 
with a Notch, Nut and Screw atone End ; it's divided into god. 
which ſhew the Almicanthers, or Circles of Altitude, and the 


Edge ee an Azimuth Circle. 


7. The Hour Circle, is a flat Ring of Braſs, ſo contrived that 
it may be tookoff,, and fixed about either Pole of the Globe; it's 
divided into 24 Hours of a Natural Day, cach Hour is divided in 
Halves and Quarters ; to this belongs an Index, having a round 
Hole at one End, to put it on the Axis of the Globe. 

8. The Wooden Frame, or Horizon, is round and flat; in which 
the Brazon Meridian doth move through two Notches, in the 
upper Part ; another in the Middle of the Bottom of it : On the 
upper Part is a Kalendar, ſhewing the Day of the Month, Sun's 
Place in the Ecliptic, the Rumbs or Points of the Compaſs, &c. 

9. The Circle of Poſition 1s a Semi-circle of Braſs, the upper 
Side is divided into 1 80 Degrees, it ſerveth to meaſure Diſtan- 
ces Either on the Terreſtial, or & leſtial Globe. 


Section II, The Deſcription and Uſe of the Terreſtrial Globe. 


* HE Terreſtrial Globe hath on the Superficies of it's Body, 
the whole Form and Faſhion of the Earth and Sea, deſcrib- 
ed; with the Circles of the Sphere, as Equator, Meridians, Tro- 


pics, Oc. | 


In order to a clear Underſtanding the Uſe of this Globe, ob- 
ſerve theſe following Geographical Definitions. 


1. The Earth, together with the Vater, compoſeth that 


round Body called the Orb, or Globe of the Earth, which is de- 


ſeribed by Lines real and imaginary. 2. The 
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2. The Real Lines are ſuch as agree to the Terreſtrial Globe 
by Nature, and fo divide it into Continents, Iſlands and Seas y 
the imaginary Parts, are ſuch as are applied to it by Virtue of 
our Underſtanding ; and being not materially ſuch, are ſuppoſed 
to be on the Earth, theſe imaginary Lines are either Straight or 


Circular. | 
3. The Axis, is a Straight Line imagined to paſs through the 


Center of the Earth ; the extream Points are the Poles on which 
the World is ſuppoſed to move; one called the Artic or North. 
Pole, the other the Antartic or South-Pole ; it's repreſented by 
the Wires on which the Globe turneth. 

4. The Circular Lines are either greater, as the Meridian, Ho- 
rizon. Æquator; or leſſer, as Tropics Polar Circles, Parallels of 
Latitude. | | 

5. Meridian, is a Circle paſſing through the Poles of the 
Earth, the Zenith and Nadir croſſeth the Æquator at Right An- 
gles, and divideth the Earth into two equal Parts ; one Eaſt the 
other Weſt. T'ts ſo called becauſe when the Sun cometh to the 
Meridian of any Place, it's then Noon, or Mid-day there ; they 
are infinite in Number, for that all Places from Eaſt to Weſt 
have their ſeveral Meridians. 


Of theſe one is called the Fir/?, or Chief Meridian, from which 


the Longitude of Places is reckoned ; it's of ſpecial Note and 
Uſe, but variouſly placed by Geographers : It's repreſented on 
the Globe by a double Line paſſing through the Poles, and is di- 
vided into twice 90 Dogrees, numbred from the Æquator, to- 
wards each Pole, ending there in 90 Degrees. 

6. The Horizon is that Circle which comprehendeth all that 
Space of the Earth which is viſible, and diſtinguiſheth it from 
that ( lying under the Horizon) being inviſibſe; it's either Senſi- 
ble or Rational. | 


The Senſible Horizon, is that apparent Circle which extends it 


it ſelf in aſtraight Line from the Place weſtand upon, and round 
about us, dividing the Heavens into two unequal Parts; and be- 
ing limited by the Sight , is ſometimes greater or leſſer, accord- 
ing to the Condition of the Place, &©c. 

The Rational Horizon, is a Circle dividing the Heavens into 
two equal Parts, paſſeth _ the Center of the Earth, whoſe 
Poles are the Zenith and Nadir. By this Circle our Days and 
Nights are meaſured, and the divers Riſings and Setting of the 
Sun, Moon, and Stars doth _ It's repreſented on the Globe 
by the upper Part of the Wooden Frame. | 


Note ; The Meridian and Horizon; are moveable with the 


Mutation of Places. : 
7. The Æquator, is aLine under the Equinoctial in the Heavens, 
compaſling the Earth in the Middle between it's two Poles, di- 


viding it into two equal Parts, called the Northern, and ders 
| ern 
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thern Hemiſpheres ; from it the Latitudes of Places are reck- 
oned, either North or South: This Circle is repreſented on the 
Globe by a double, or treble Line ; divided into 360 Degrees; 
and numbred to, 20, 3o, &c. from the Left-hand towards the 
Right, till it end in 360 Degrees. 

This Circle is called Æquator, becauſe when the Sun comes 
to it, which is twice a Year (v7z: about the 10th of March, at 
his Entrance into Aries; and again into Libra, about the 12th of 
September) he makes equal Days and Nights throughout the 
World. And upon it is writ in Capital Letters Linea ſub Æqui- 
noctial;. 

8. The Leſſer Circles, deſcribed on Globes, are called Paral- 
lel Circles, ſome of which have particular Names, as Tropics 
and Polar Circles. 

9. The Tropics are two, being Parallel to the Equator, and 
diſtant from it 23d. 3om. That on the North Side of it, is called 
the Tropic of Cancer, at which the Sun hath his greateſt North- 
Declination : then making to us (and all Places in North-Lati- 
titude) the longeſt Day, and ſhorteſt Night ; which is about the 
1th of une: The other on the South-lide, is called the Tropic 
of Capricorn, at which the Sun hath his greateſt South Declina- 
tion, making then our ſhorteſt Day and longeſt Night ; which is 
about the 12th of December. Theſe Tropics have their Names 
thus ; Tropicus ſub Cancro, and Tropicus ſub Capricorno. 

10. The Polar Circles are two, being alſo Parallel to the Æ- 
quator, and compaſling the Poles of the World at 23d. 30m. 
Diſtance : That about the North-Pole is called the Atric Circle, 
and the other the Antartic Cirele, and are writ thus; Girculus 
ſub Artico Pols, and Circulus ſub Aetartico Polo. 
 TheſeTropics, and Polar Gircles devide the Globe of the Earth 
into five Parts, called Zones: Of which three were accounted 
by the Ancients to be ſo intemperate as to be uninhabitable call. 
ing them Torrid, Frigid, and Temperate ; that is one Torrid or 
burning Zone, two Temperate, and two Frigid or frozen Zones. 
. 11. The Torrid Zone, is that which lieth between the two 

Tropics of Cancer and Capricorn. 
12. The two Temperate Zones are contained between each 
Tropic, and a Polar Circle. 

13. The two Frigid Zones are contained within each Polar 
Circle; that is, one within the Artic Circle, and the other com- 
paſſed by the Antartic. 

Thus much of the Imaginary Lines, and Parts of the Earth: 
The Real Parts, are Earth and Water, in general divided into 
four Parts or Quarters ; called Europe, Aſia, Africa, and Ameri- 
ca; each of theſe, and conſequently the whole Globe, is divided 
into Continents, Iflands. and Seas. 1 1 


% 
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14. A Continent. is a greater Quantity of Land, not divided 
by the Sea, wherein are many Kingdoms, and Countries con- 
joined: as Eupope, Aſia, and Africa in one Continent, and 4. 
merica is another. 

15. An Iſland, is a Part of the Earth that is environed or 
compaſſed round by Water; as Great-Britain, and alſo Treland, 
Oc. are Iſlands. | 

In Continents, and lands, are theſe Parts obſervable, viz. Pe- 
ninſula, Iſthmus and Promontory. | 

16. Peninſula, is ſuch a Part of Land as is almoſt environed 
round with Water, and is joined with the Land by an 1/tmus, 
as the Merea in the Levant, | | 

17. An I[/thums, is a narrow Neck of Land between two Seas, 
which joineth the Peninſula to the Continent ; as Corinth inGreece. 

18. A Promontory is a high Hill, Mountain, or Cape of Land 
that ſhooteth it ſelf into the Sea; as Cape de 2 and the 

Cape of Good Hope in Africa, 


Ig. A Place in reſpect to the Heavens, is either Eaſt, Weſt, 
North or South. 
Thoſe Places are ſaid to be Eaſt. which lie in the Eaſtern R 
Hemiſphere (terminated by the firſt Meridian) or where the Sun ( 
riſeth. | 
And thoſe are Weſt which lie Weſterly of the ſaid Meridian 
or towards the Setting of the Sun. | ) 
Thoſe Places are properly North, which lie betwixt the A. 4 
quator and the Artic Pole. a 
And thoſe Places are South, which lie betwixt the Æquator N 
and the Antartic Pole. : 
The Ancients have divided the Inhabitants of the Earth into tl 
Periæci, Antieci, and Antipodes. | tt 
20. The Periæci, are ſuch as live under the ſame Parallel but i 
in oppoſite Points of it; that is, they are in the ſame Latitude, lj 
but their Difference of Longitude is 180 Degrees. v 
21. The Antiæci, are ſuch as have the ſame Meridian and e- 
qually Diſtant from the Æquator, but the one North, and the B 
other South: that is; Two Places in one Longitude, and each e- 4 
qual in Latitude; one in North and the other in South Latitude, P, 


22, The Anti polles, are ſuch as inhabit two Places of the 
Earth, which are diametrically oppoſite one to the other : that th 


is, two Places, whoſe Difference of Latitude and Longltude, ry 
is each 180 Degrees, and ſuch walk Feet to Feet. 7 
The Earth being encompaſſed with Water, whoſe Waſhings la 
in ſurrounding the dry Land, cut out and ſhape many winding Ng 
Bays, Creeks, meandring inlets, giving Terminations tothe Four Iy 
Regions of the Earth, and extending itſelf round them all, is but 1 +, 
one continued Ocean. Wherefore, . 8 


The Water is either Ocean, Seas, Straits, Creeks, Lakes, Ri- 
vers, or Bays, &c. 23. The 
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23. The Ocean, is a general GolleQtion or Rendezvous of all 
Waters. 

24. The Sea is a Part of the Ocean, to which we come 
through ſome Straight ; as the Mediterranean and Baltick Sea. 

25. A Strait, is anarrow Part of the Ocean, lying betwixt 
two Shoars, and opening a way into ſome Sea; as the Straits 
of Gibralter, that lead into the Mediterranean Sea ; and the 
Sound, which leadeth into the Baltick-Sea. | 

26. A Creeh, is a ſmall narrow Part of the Sea, or River that 
goeth up but a little way into the Land. 

27. A Bay is a great Inlet of the Land, as the Bay of Biſcay 
and the Bay of Mexico: otherwiſe a Bay is a Station, or Road 
for Ships to Anchor in. 

28. A River, isa ſmall Branch of the Sea, flowing into the 
Land, courting the Banks, whilſt they their Arms diſplay, to 
embrace Silver Waves. 

29. A Lake, is that which continually retains and keeps Wa- 
ter in it, as the Lake Zaire in Africa, and Lake Nicurgua in A- 
merica. | 

30. A Gulf, is an Inlet of the Land, deeper than a Bay, as 
the Culf of Venice, the Gulf af Florida; in which are ſwift 


Currents, 
Of the Names of the Ocean. 

31. The Ocean, acoording to the four Quarters had four 
Names; as the Eaſtern or Oriental Ocean, the Weſtern or Occi- 
dental Ocean, the Northern, or Septentrional, and the Southern 
or Meridional Ocean. But beſides theſe, it hath other particular 
Names according to the Continent it boundeth, and the Nature 
of the Sea. As it lies extended towards the Eaſt, it's called 


the Chinean Sea, from the adjacent Country of China : Towards 


the South it's called Oceanus Indicus, or the Indi an- Sa, where 


it waſheth the Coaſt of Perſia, it's called Mare Paci ficum: In 
like manner Mare Arabi cum from Arabia; and fo towards the 
Weſt, it's the Ethtopian Sea, => 

Then the Atlantick Ocean, from Atlas, a Mountain in Hfrica : 
But near to America, it's called by the Spaniards, Mar- del Nort ; 


And on the other Side of America, it's Mar- del Zur, or Mare- 
Paci ficum. 


Where it toucheth upon Spain, it's Oceanus Hiſpanicus, by 
the Engliſh, the Bay of Biſcay : between England and France, it's 
called the Engliſh Channel : Between Eng land and Ireland, the 
Iriſh Sea, or St. Geoges Channel: Between England and Hol- 
land, by ſome the German, butrather the Britiſh Ocean : North- 
ward of Scotland, it's called Mare Caledonium : More Norther- 
ly, it's the Hyperborean or Frozen S: More Eaſterly, it's the 


Tartarean Sea, or Scythian Ocean, c. Thus for the Names 
of the Ocean. Next. of 


9 


' 
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8 Of the Names of the Seas. 

32. The Baltic Sea, by the Dutch the Orff Zea, lying between 
Denmark, Sweden, and Germany, whoſe Entrance is called the 
Sound - The Mare Mediterranean. by the Engliſh the Straits; 
by the Spaniards, Mar-de-Levant ; the Entrance whereof is 
called the Straits of Gibralter : Then Pontus Euxinus, or the 
BlackSea; to whichjoins Meotis Palus, now Mar-del-Zabecke + 
Then the Caſpain, or Hercanean-Sea Then the Arabian Gulf, 
Mare Rubrum, or the Red-Sea: And the Perſian Gulf, or Gulf, 
de Elcatiff, &c. | | 
| Of the Diviſion of the Earthly Globe. 

33. The Globe of the Earth (as was faid before in Def. 13.) 
is divided into Four Parts, viz. Europe, Aſia, Africa, America, 
34. Europe is bounded towards the North by the Vorthern 
Ocean or Frozen Sea; on the South by the Mediterranean Sea, 
lying betwixt it and Aſia; on the Eaſt with the River Tanars : 
and on the Weſt by the Weſtern, or Atlantic Ocean ; whoſe 


Chief Provinces are, 


Poland, Muſcovia, Sweden, Norway, 

Denmark. Germany, France, Spain, 

Portug al, Haly, Hungary, Sclavonia, 

Greece, Dalmatia, Romania, Part of Tartaria 
| The Principal Iſlands are, 

Great-Britain, Ireland, Sardinia, Sicily, 

Corſica. Candia, Negropont, Cyprus. 


35. Aſia is bounded in the North with the Northern and 
Tartarian Ocean; in the South with the 4rabian Gulf, or Red- 
Sea; onthe Eaſt with the Indian Ocean; and on the Welt with 
the River T anazs. 

The chief Regions arg, 


Tuky in Aſia, Arabia, Tartaria, Perſia, 
Anatolia, Meſopotamia, Aſſyria. Chaldea. 
Syria, Armenia, Paleſtina, Georgia, 
Media, Parthia, China, Indi a. 

| The Principal Iſlands are, 
Japan, Sumatra, Borneo, &c. in the Oriextal Ocean. 
Cyprus, Rhodes, in the Mediterranean. 
Metellino, Scio, Samos, &c. an the Archi pelagus. 


36. Africa is bounded on the North with the Mediterancan on 
the Eaſt with the Red Sea, on the South with the Æthiopi an or 
Southern Ocean, and on the Weſt, with the Atlantick Ocean. 
The Principal Provinces are, 

Barbary Billedulgerid. 


Egypt, | Ch 
Deſarts of Sarra, Negroland, Athiopi a, ar- {byſſme. 
Nubia, Monometapa. 


Its Principal Iſlands are, WA | 
Cape de Verde lands, The 


The Canary Iſlands, 


WW _ oo»  W_ wa” 


7. 
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he 
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The Iſles of Azores Madera Iſlands, 
St. Thomas, +. Madagaſcar, or St. Lawrense. 
Malta, in the Mediterrane ann. 

37. America, is bounded on the North withthe Northern Vce- 
an, on the Eaſt with the Atlantic Ocean, on the South with the 
Magellantick-Sea, and on the Welt with the South Sea, or Mar- 
del Zur, it's divided into two Parts, viz. Mexicana, and Peruana. 
| Mexicana, or North- America hath theſe Provinces 


New-Spain, | Terra Florida, Carolina, Virginia, and 
Maryland, Penſilvania,  NewsJerſey, - New-York. 


New-England, Neu- France, Greenland, ' whether Conti | 

83 ** nent or Iſland is not yet known, 

I. he chief Iſlands of Mexicana are, bo 

Iſland, or Iceland, California, New-found:laxd, Bermudas. 
Peruana,or South- America, hath theſe Provinces ; 

Terra magellanica, Brazilla Chili. The Amazons, Criumen, 
Peru, Panama, Carthagena, Peraguay, or Riv-de-la-Plita. 
The Principal Iſlands of Peruand are, 

Hiſpaniola, Cuba, Jamaica, Port-Rico, Barbadoes, and the reſt of 

| the Caribbee-IſNands, &c. | 
Moluque Iſlands, Java- Major, Java the leſs, and many other 
Iſlands in the Ea//-adies. rf Roe IFRS 
, Having diſcribed the Lines and Circles, and the Parts belong 
ing to the Terreſtrial Globe, the Uſes of all take in the following 
NRob lem bY In | 


Problem 1. To find the Latitude of any Place on the Globe. 


The Rule. Bring the propoſed Place juſt underthe Braſs Mi- 
ridian, and note what Degree (on the ſaid Meridian) ſtands a- 
gainſt it, which is the Latitude thereof. Or thus, Et, 

With a Pair of Compaſſes, take the neareſt Diſtance from the 
5 Place (on the Globe) to any Parallel of Latitude, and 
ay it on the graduated or firſt Meridian, from the ſaid Parallel, 
the ſame way the propoſed Place ly eth from it, the other Foct 
ſheweth the Latitude required. 


Example. Let it be required to find the Latitude of the Lizard in 
| England. 

Turn the Body of the Globe il the Lizard be juſt under the 
Braſs-Meridian, and you'll find 30 Deg. right againſt it, which 
is the Latitude of the Lizard. | 

Take the neareſt Diſtance (on the Globe) from the Lizard, to 
a Parallel of Latitude, apply it to the graduated Meridian, and 
it ſneweth the Latitude 50 Degrees as be'o5re. Or thus, 

Note, All thoſe Circles on the Globe, which are parallel to 


the Æquator, are called Parallels of Latitude. | 
K Problem 
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Problem 2. To find the Longitude of any Place on the Clobe. 


The Rule, 1. Turn (as gone? the Globe till the propoſed 
Place lie juſt under the Braſs Meridian, and there keep it ſteady. 


2. Then obſerve what Degree of the Æquator lieth under the 
Braſs Meridian, and that's the Longitude required. 


Example. 1demand the Longitude of the Lizard in England? 


Bring the Lizard under the Braſs Meridian, and then the Braſs 
Meridian cutteth the Æquator into god. 56m. Longitude required. 

Note, The Globes formerly made in 5 begun Longi- 
tue at the Meridian of the Iſland of St. Michael one of the Ile 
of the aores; which is Weſt from the Meridian of London (ac- 
cording to the Mariners Compaſs Recti fied,) 25d. 20m. 

And accordingly the Lizard's Longitude is 5d. 24m. Weſt 
from London: This Difference in the Longitude of Places, is 
occaſioned by the different beginnings of Longitude by ſeveral 
Authors which the Student is deſired to conſider. 


Problem 3. To find the Diſtance of any two Places en the Globes 


The Rule. 1. Lay the Beginning of the Degrees on the Qua- 
drant of Altitude, npon one of the propoſed Places, and count 
how many Degrees on it, are contained between both Places , 
which is the Diſtance required. : | 

2. Thoſe Degrees being multiply'd by 60, the Product is the 
Diſtance in Minutes. Or thus, 

Take the Diſtance between the two Places, with a Pair of 
Compaſſes, then meaſure that Diſtance on the Aquator, count- 
ing the Degrees intercepted between both Feet, and it will ſhew 
the Diſtance required. | 

Note; The Diſtance found by this Problem, is the ſhorteſt 
Diſtance : Or their Diſtance in the Arch ef a Great Circle , Which 
is leſs than their Diſtance in the Rumb, leading from one to the 


other ; except both Places lie under one Meridian, orin the X. 
quator. | 


Example. 1demand the Diſtance between the Lizard and the 
Iſland Barbadoes ? | | 


If you lay the Edge of the Quadram of Altitude on both Places, 
and the Beginning of the Degrees of it on one of the Places, you 
will find on the Quadrant of Altitude 56 Degrees intercepted 
between them, which is the Diſtance ; and being multiplied by 
60, is 3360 Miles or Minutes 


Problem 4. To find the Angle of Poſition of a Place ; that is, 


the Angle the Arch of @Grear Circle paſſing through two given 
Places makes with the Meridian of 2 1 
7 The 
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The Rule, 1. Rectify the Body of the Globe to the Latitude 


of one of the given Places. 


2. Bring the ſame Place under the Braſs Meridian, and there 


ſtay the Body of the Globe. 


3. Screw the Quadrant of Altitude faſt to the Braſs Meridian, 
right over the ſaid Place. 

4. Thenlay the graduated Edge of the Quadrant of Altitude 
to the other Place, and the ſaid Edge will cut the Horizon in 
the Degree of Poſition required. | | 
_ Example. Let it be required to know the Angle of Poſition of 
Barbadoes om the Lizard, 5 | 

I. Bring the Lizardto the Braſs Meridian, and there __ 
the Body of the Globe, you will find the Latitude of the Lizard, 
to be 50 Degrees. | | 8 | 

2. Move the Braſs Meridian (keeping the Body of the Globe 
fixed as before higher or lower until 50 Degrees on it do cut 
the Horizon (on the North Side thereof) then is the Globe 
rectified to the Latitude of the Lizard: The like you muſt do 
in rectifying the Globe for any other Place or Latitude. 

3. Screw the Quadrant of Altitude to 50 Degrees on the Braſs, 


Meridian, (which is juſt over the Lizard, if the Globe be not 


turned from it's Poſition as in the firſt ſtep hereof) and turn the 
praduated Edge of it to Barbadoes, the ald Edge will point on the 
Horizon to 71d. 3om, South Weſterly ; which is the Angle of 
Poſition of Barbadoes from the Lizard; that is, the Angle the 
Arch of a great Circle paſſing through or over the two Places, 
makes with the Meridian of the Lizard, which is not the Rumb, 
leading from the firſt to theſecond : For if you rectify the Globe 
to the Latitude of Barbadoes, and ſo proceed as before directed, 
you will find the Angle of Poſition to be 37d. 3om. North- 
Eaſterly, the Poſition of the Lizard from Barbadoes, which is 
34 Degrees leſs than the Poſition of Barbadoes from the Lizard; 
wrereby it appears, neither of theſe are the true Rumb or Point 
of the Compals leading from one to another. For you are to 

n | | PE IT | | 

I. That the Rumb-Lines or Points of the Compaſs, make 
equal Angles with all Meridians on the Globe. 

2. That an equal Segment, or Part of the ſaid Rumb,chang- 
eth or altereth the Latitude in all Places a | 

3. That the Rumb-Lines, tho” continued never ſo far, do not 
pals through the Poles, but wind about them till they loſe them 
elves. 

4. Theſe Rumb-Lines are repreſented on the Globe by thoſe 
Spiral Lines, that you ſee are 32 in Number, meeting in a Center, 
where there is aflower-de-Luce pointing to theNerth;fiom thence 

ey run winding about the Globe, and continue inclining to- 
wards the Pole, where they ſeem confuſed. 


K 2 | Problem 


148 TheUſe of the 7 erreſtrial Globe. Chap. VI. 


Problem 5. Two Places being given : to find their Rumb or Courſe 
' = "of Beuring, or Sailing from one to another, 
Dye Rule, 1. Having found the two Places on the Globe, ſee 
what Rumb-Line paſles through both of them, and that is the 
Rumb or Courſe from one to another. 5 
2. If no Rumb- Line paſſes through both Places, then look 
what runneth Parrallel to both Places, and that is the Rumb, or 
Courſe from one to another. | Fa 
Example 1. demand the Courſe from the Lizard to Cape-Cod 
MILF in New-England ? iy: 

On the Globe you. will find theſe Places to lie on the W. by 8. 
and E. by N. Rumb-Lines, and therefore the Courſe from the 
Lizard to Cape-Cod, is W. by S. and conſequently from the laſt 
to the firſt, E bye „„ | 
Example 2. I demand the 3 from the Lizard to Iſland Bar- 

MAS... | 

Hereis no Rumb-Line on the Globe paſſing thro? them, where. 
fore look for a Rumb to which the Place lies moſt parallel, and 
you'll finditS.W.; W.theCourle from the Lizard to I.Barbadoes; 1 1 

a 


and N. Ex E, from I. Barbadoes to the Lizard, 


Problem 6. Courſe and Diſtance ſailed being given; to find ſe 

the Difference of Latitude, and Difference of | Marv g1 

| The Rule 1. Make a ſmall Mark on that Rumb-Line (whichis 

the given Courſe) in the Latitude of the Place you failed from, 

and bring that Mark to the Braſs Meridian, which cuts the Aqua- th 
tor in its Longitude. ” | 

2. Take the Diltance ſailed from the Aquator, and lay it on 
the ſaid Rumb, for the foreſaid Mark; at the Termination there- 
of make another Mark. Cho g 

3. Then bring the ſecond Mark to the Braſs Meridian, there 
is the Latitude of that Place; and then the Meridian cuts the . 
quator in the Longitude of it. HD : 

4. Having the Latitude and Longitude of thoſe two Places 
mark'd in the Rumb-Line, by Subtraction you may find their 
Difference of Latitude and Difference of Longitude, andit”s done. 

 Examp. Suppoſe a Ship ſails SW. by W.200 Leagues, or lo De- 
grees from the Lizard : 1 demand her Diſtance of Latitude, and 
Difference of Longitude : or what Latitude and Longitude ſhe is in? 

I. I make a Mark on the S. W. by W. Rumb, juſt under 50 
Degrees (the Lizard Latitude) and then the Meridian cuts the 
Aquator in 357 Degrees, the Longitude of that Mark. 

2. Take 10 Degrees from the Aiquator, and lay it on the 8. 
W. by W. Rumb, from the firſt Mark to a ſecond Hy, ; 

| 3- Bring 
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3. Bring this ſecond Mark to the Braſs Meridian, and there 
the Latitude of it is 44d. 5om. th Latitude the Ship is in, and 
in the Æquator the Longitude of it is 344d. 15m. and by Sub- 
traction, the Difference of Latitude is 5d. 20m. and Difference 
of Longitude required is 12d. 54m. But here you muſt note, 
That the Diſtance ſailed entirely taken and laid on the Rumb, 
is the Diſtance in the Arch of a great Circle and not really in the 
Rumb ; for the Diſtance in the great Circle is always leſs than 
the Diſtance in the Rumb ; wherefore the better way will be, to 
take 1. 2. 3. (or ſome ſmall Number of) Degrees of the Equa- 
tor; and run that Diſtance (in the Compaſſes) over upon the 
Rumb-Line, from the firſt Mark to the ſecond ; and in ſo do- 
ing, the Diſtance is more truly laid than by taking it at once. 


Prcblem VII. Both Latitudes and Courſe given, to find the Di- 
ſtance and Di 223 of Longitude. 

The Rule. Turn the Body of the Globe till the given Rumb 
doth cut the Braſs Meridian in the Latitude you depart from, and 
there make a Mark on the Rumb, and at the . time ſee 
what Degree of the Æquator is cut by the Meridian; for that 
is the Longitude of this mark. 

2. Turn the Body of the Globe, till the ſame Rumb cuts the 
Meridian in the Latitude of the ſecond Place, and there make 


another Mark on the Rumb; then ſee what Degrees of the A.- 


— is cut by the Meridian, which is the Longitude of the 
econd Mark; and the leſſer Longitude ſubtracted from the 
greater, gives the Difference of Longitude required. 

2. The Diſtance between the two marks on the Rumb-Line 
being meaſured (according to the Note in the laſt Problem) o 
the Æquator, gives the Diſtance of the two Places. 


Example. Fa Ship ſails S. W. by W. from the Lizard, till by 


| Obſervation ſhe be in Latitude 44d. om. North; I demand her 


Diſtance ſailed. and what Longitude ſbe is in? 


I, When you bring the S. W. by W. Rumb to cut the Me- 
ridian in 50d. the Lizard's Latitude, and make a Mark on the 
Rumb, there, then the Meridian cuts the Aquator in 357d. the 
Longitude of that Mark. 

2. Turning the Globe till the 8. W. by W. Rumb cuts the 
Meridian in 44d. 5om. the Latitude of the ſecond Place, and 
making there a Mark on the Rumb : then the Meridian cuts the 
Aquator in 344d. 15m, the Longitude of the ſecond Mark: 
And therefore the Difference of Longitude, is 12d. 45m. Welt; 
which being ſubtracted from the Longitude of the Lizard: 20d. 
com. the Remainder is 07d. 1 5m. the Longitude the Ship is in. 

Od WR 3. Take 
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3. Take 2 Degrees from the Equator, and run over that 
Diſtance in the Compaſſes upon the Rumb, from the firſt Mark 
to the ſecond; and its five times, which is 10d. or 200 Leagues, 
the Diſtance ſailed on that Rumb. | | | 


Prob. 8. Having the Latitude and Longitude the Ship is in given 
to find the Place where the Ship is in on the Globe. 

The Rule. 1. Bring the Longitude to the Braſs Meridian, and 
there ſtay the Body of the Globe, 

2. Where the given Latitude cuts the Globe, make a Mark 
on the Body of the Globe, which Mark ts the Place of the 
Ship at that time. 

xample. If a Ship fails from the Lizard, and after feme 
time is in Latitude 44d, 50m. and Longitude gd. 45m. I demand 
the Place of the Ship on the Globe ? 

1. Bring gd. 45m. on the Æquator to the Braſs Meridian, 
and there ſtay the Globe. 

2. Juſt under 44d. om. on the Braſs Meridian, make a 
Mark on the Body of the Globe, and that is the Place of the 
Ship at that time. 


Section III. The Deſcription of the Celeſtial Globe. 
1 Crleftial Globe repreſents that glorious Canopy, fo 
richly embroidered, and beſet with thoſe ſparkling Dia- 
monds, that upon the dusky Checks of the Night hang as a rich 
Jewel in an Ethiopian's Ear; having upon it's Convexity arti- 
ficially placed allthe Stars. correſpondent to their natural Situa- 
tion in the Concavity of that Orb, we call the Starry Heaven. 

2. The Appurtenances belonging to this, are the fame with 
thole belonging to the Terreſtrial Globe ; and being before de. 
ſcribed in Sed#07 1. of this Chapter, I refer you to it. 

3. On the Body of the Globe, beſides the Conſtellations of 
the Stars there are drawn divers Circles; as thc Equinoctial, 
Ecliptic, Colures, Meridians, and Circles of Longitude ; all 
theſe are called great Circles; the Leſſer Circles are the Tropics, 
Polar Circles, and Parallels of Declination. 

4. The Equinoctial in this, is the ſame with the Æquator in 
the Terreſtrial Globe, and in the ſame Manner divided; and 
numbred from the left Hand towards the Right with 10, 20, 
30, ©c. to 360 Degrees. | 

The Poles of the Equinoctial are alſo called the Poles of 
the World, and are repreſented by the two Wires on which 
the Body of the Globe turneth. 8 ä 

The Ecliptic is a great Circle which croſſeth the Equinoc- 

tial in two oppoſite Points; the beginning of Aries, and Libra; 
It's divided into twelve (equal Parts) called Signs, each con- 
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taining 30 Degrees, and figured from the left Hand towards the 
Right, 10, 20, 30; then lo, 20, 30, c. having the Figure, 
Character, and Names of the Signs, as followeth : 


Aries V Libra =: 

Taurus & Scorpio Mm 

Gemini: IL ; Sagittarius & F 
Cancer S Northern Signs Capricornurdg? SouthernSigns 
Leo SNN Aquarius x 

Virgo W Piſces * 


This Circle with its Figures and Characters, are on both 
Globes; but the Celeſtial hath the Image and Name of the 
Signs which the Terreſtrial hath not. 

Under this Circle the Sun moves in his annual Courſe ; but 
the reſt of the Planets have their Deviations from it; for which 
Reaſon Aſtronomers aſſign'd eight Degrees on each Side the E- 
cliptic, making the whole Latitude to be 16 Degrees, which 
Breadth is called the Zodiac. | 

The Zodiac, is not drawn on the Globe, only imagin'd by 
two Circles parallel to the Ecliptic, at eight Degrees Diſtance 
from it on each Side thereof. 

The Poles 4 the Ecliptic. are two oppoſite Points, each 23d. 
zom. diſtant from its Correſpondent Pole of the World; there 
- Circles of Longitude meet, and near it, is writ Polus E- 
cliptice, 

6. The Meridians are the ſame as was ſaid in the Terreſtri a! 
Clobe, only with this Difference, on this they are drawn through 
every 3oth Degree of the Equinoctial, on that through every 


15th Degree of the Equator ; in both they all meet in the Poles 
of the World. 


7. The Colures, or the two Meridians, cutting each other at 


Right Angles in the Poles of the World, dividing the Equi- 
noctial, and Ecliptic into 4 equal Parts; the one palling by the 


Beginning of Aries and Libra, two Eguinoctial Signs, therefore 


called the Equinoctial Colure: and on the Globe ir is divided 
into Degrees, numbred from the EquinoQtial both Was, 10, 
20, 30, Cc. ending in 90 at each Pole of the World; it hath 
theſe Words near it, Colurus Equi noctiorum. 

The other paſſeth through the Beginning of Cancer and Ca- 
pricorn, two Solſtitial Signs, therefore called the S9//titial Co- 
lure - this paſſeth through the Poles of the World, and Poles 


of the 5 ; it's diſtinguiſhed on the Globe by theſe Words, 


Colurus Solſtitiorum. 

8 The Horizon, is a Great Circle god. diſt ant from the Ze- 
nith, and Nadir, cutting all Azimuth Circles at Right-angles, 
and divideth the World into two equal Parts, the upper and vi. 

xp K 4 ſible 
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ſible Hemiſphere, the lower and inviſible ; it's repreſented b 
the upper Side of the Wooden Frame, on which is a double 
Kalendar, of Months and Days, according to the old and new 
Stile, with the Winds or Points of the Compaſs, and a Circle 
of Signs and their Degrees. n 
The Zenith and Nadir, are two Points diametrically oppo- 
ſite, and they are the Poles of the Horizon. The Zenith is 
the Vertical Point, or Point over our Head, the Nadir is di- 
rectly oppoſite thereto. 

The Azimuth or Vertical Circles, are great Circles inter- 
ſecting each other in the Zenith and Nadir, and cutting the 
Horizon at Right- angles: Theſe Circles are not drawn on the 
Body of the Globe, but are repreſented by the Quadrant of 
Altitude, when it's ſcrew'd in the Zenith. 22 
10 Circles of Longitude, are great Circles interſecting each 
other in the Poles of the Ecliptic, and cut it at Right-angles : 
Theſe are repreſented by the Quadrant of Altitude when it is 
ſcrew'd over the Poles of the Ecliptic : and on the Body of 
ſome Globes, 12 of theſe Circles are drawn, paſling through 
the Beginning of the 12 Signs, 


Thus much for the great Circles. We paſs on to 


The Deſcription of the Leſſer Circles. 


Leſſer or ſmall Circles, are thoſe. which divide the Globe in- 
to two unequal Parts, and are Parallel to ſome Great Circle, 
therefore called Parallel Circles, and are of three Kinds, viz. 

Parallels of Declination, Parallels of Altitude, and Parallels of 
Latitude. | 

11 Parallels of Declination, are parallel to the Equinoctial, 
imagined to paſs through every Degree and Minute of the 
Meridian, between the Equinoctial and each Pole of the 
World; and are the ſame with Parallels of Latitude on the 

Terreſtrial Globe. | 
The Tropics and Polar-Circles, are Parallels of Declination, 
and the fame as before in the Deſcription of the Terreſtrial 
Globe. | 

12 Almicanters, or Parallels of Altitude, are Parallel to the 

Horizon imagin'd to paſs through every Degree and Minute of 
the Meridian of a Place, between the Horizon and the Zenith 
of that Place: Theſe are deſcribed by the Diviſions on the 
Quadrant of Altitude in its Motion about the Body of the 
Globe, when it is ſcrewed in the Zenith of any Place. 

13 Parallels of Latitude, are (mall Circles parallel to the 
Ecliptic, imagin'd to paſs through every Degree and Minute of 
the Colures between the Ecliptic and the Poles thereof. Theſe 
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are repreſented by the Diviſions of the Quadrant of Altitude in 
its Motion round the Body of the Globe, when it is ſcrewed 
over the Poles of the Ecliptic. . 

Having deſcribed the imaginary Circles of the Cæleſtial Globe, 
we proceed now to the Deſcription of the Stars, thoſe glorious 
Diamonds, ſparkling in the immenſe Expanſion of the Firma- 
ment, encircling the Terreſtrial Orbe at unmeaſurable Diſtance, 
which for Multitude ſeems innumerable, yet the greateſt and 
more viſible may be numbered and named: And for this Pur. 
poſe, Aſtronomers (for Order and Method ſake) have reduced 
many Stars into one nage or wr” bar rs the better to knaw 
where to ſeek them; and being found, how to expreſs them. 

14. The Number of Conſtellations now drawn on the Body 
of the Cele/tial Globe, are 60, and are as followeth. 


The Northern Conſtellations 23, viz. 


Stars | Stars 
1. Urſa Minor —— — 9] 12. Auriga 24 
2. Urſa Major = 33 | 13. Sepentarius —— 23 
3. Draco - 36| 14. Serpens — 14 
4 Cepheun é. 11 | 15. Sagitta = — 5 
5. Boote: — 2216, Aquila 9 
6. Corona Borealis 8 | 17. Antionius — — | 
7, Hercules 30 | 18. Delphinus — 10 
8. Lyra Io 19. Egquiniculus 5 
9. Clor, aut Cygwus — 17 | 20, Pegaſus — 23 
10. Ceſſiopea — 23 21. Andromeda 23 
11, Perſeus and Caput 27 | 22. Triangulum 3 
Meduſa 7 23. Coma Berenice — 11 
In all 383 
The Zodiacal Conſtellations are 12, viz. 
1. Aries | 16 | 7. Libra 10 
2, Taurus — — 32 8. Scorpio =» — 26 
3. Gemini ———— 24| 9. Sagittarius = —- 29 
4. Cancer ——— 1610. Capricornus — 21 
5. Leo — 33111. qr — 34 
0, Virgo 39 | 12. Piſces . 
In all 314 
The 
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The Southern Conſtellations are 30, viz. 


1. Cetus — 26| 1 4 Columbus 10 
2. Orion 39 | 18. Piſces Auſtrinus 11 
3. Flumen Eridanus 43 | 19. Crus — 13 
4. Lepus — 13 20. Phenix 12 
5. Canis Major — 13 | 21. Indus — 12 
6. Canis Minor or Canicula 2 22. Pavo - 16 
7. Argo Navis 42 | 23. Avis IndicaTouchan — 7 
8. — Carolinum —— 11 | 24. Apis Muſca 3 
9. Hydra 27 25. Chameleon — — 10 
Io. Crater. ———— 826. Triangulum Auſtralis - 5 
11. Corvrus ———— 7 | 27. Piſces Volans —— 7 
12, Centaurus — 20 | 28, Derado ——— 7 
13. Lupus — — 22 | 2:9. Apous Anſer Americanus10 
* 14. Croſero or the Croſiers - 5 | 30. HydrusSerpens Auſtrinato 
1 5. Ara, or the Altar 8 | 
16. Corona Auſirina 10 In all 43 


There is added by Sir Charles Scarborough, a Conſtellation 
called Cor Caroli, being one Star in a Crowned Heart, lying be. 
tween Urſa Major and Coma Berenices, So that the Conſtel. 
lations now pourtrayed on the Globe are 66 containing 1130 
Stars, beſides many that are unformed, making in all more 
than 1300 Sars, which are diſtinguiſhed into Six Degrees 9 
Magnitude, ur Bigneſs The biggeſt and brighteſt are called 
Stars of the Firft Magnitude ; thoſe next inferior in bigneſs and 
brightneſs are Stars of the Second Magnitude. &c. Stars of tht 


Sixth Magnitude. Theſe ſeveral Magnitudes are expreſſed on 
the Globe in ſeveral Shapes, as may be ſeen in a little Table 


placed on the Globe, intituled Sellarum Magnitudines. 
Section IV. The Uſe of the Celeſtial Globe. 


8 working any Problem on this Globe, I hold it necel-W# 
fary to explain ſeveral Words of Art uſed in A/tronony, 


and Geography, and are in thefe following Definitions : 
I. Altitude, is an Arch of an Azimuth Circle, contained be- 


tween the Horizon and any Parallel of Altitude. It's counted 


on the Braſs Quadrant of Altitude, which repreſents any Azi- 
muth Circle on the Globe. | 

2. Aſcenſion, is the Riſing of the Sun or Star, on any Part 
of the Eguinoctial above the Horizon; and Deſcenſion, is the 
Setting thereof. | 
| 7 Aſcenſion, is an Arch of the EquinoCtial intercep- 
te 


etween the Beginning of Aries, and any Meridian, and 
9 counted 
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counted according to the Order and Succeſſion of the Signs; 


or, tis that Degree and Minute of the Equinoctial (counted as 


before) which cometh to the Meridian with the Sun, Star, or 
with any Point of the Heavens. 

4. Oblique Aſcenſion, is that Degree and Minute of the Equi- 
noctial (counted as before) which riſeth with the Center of the 
Sun, or Star, or with any Point of the Heavens : And Oblique 
Deſcenſion is the Setting thereof. 

5. Aſcenſwnal Difference, is the Difference between the Right 
and Oblique Mecenſien, or Deſcenſion + Or it is the Space of 
Time the Sun riſeth, or ſetteth, before or after 6 of the Clock. 

6. Amplitude, 1s an Arch of the Horizon comprehended be- 
tween the true Eaſt and Weſt Points of it, and the Center of 
the Sun or Star, at their Riſing or Setting. 


7. Azimuth, is an Arch of the Horizon contained between 


the Meridian of the Place and any other Azimuth Circle. Or 


| contained between the Prime /rrtical, and any other Azimuth; 
| Circle. 


8. Declination, is an Arch of a Meridian, comprehended be- 


| tween the Equinoctial and the Center of the Sun, or Star, or 
| any Point of the Heavens : Its North Declination on the 
| North Side of the Equinoctial, but South Declination when on 
| the South Side thereof. And is counted on the Braſs Meri- 
| dian on the Globe, and on the Equinoctial Colure. 


9, Hour of the Day or Night, is an Arch of the Equinoctial, 
contained þetween the Meridian of the Place, and another Me- 
ridjan paſſing through the Center of the Sun at any Time. This 
is counted on the Braſs Hour Circle, which is divided into the 


24 Hours of the Day, and Night; and hath a little Braſs In- 


dex pointing to them as the Globe is turned about: Or it is 


counted on the Equinoctial Reckoning, 15d. an Hour. 


10. Latitude of a Star, is an Arch of a Circle of Longitude 


contained between the Ecliptic and the Star's Center ; This is 
counted on the Braſs Quadrant of Altitude, when ſcrewed over 


| the Pole of the Ecliptic, for then it repreſents a Circle of Lon- 
gitude. 


11. Latitude of a Place, or Latitude upon the Earth, is an 


| Arch of the Meridian of that Place contained between the E- 


quator and that Place : Equal to which is the Height of the 


Fole (of the World)above the Horizon. This is counted on 


tercep- 
n, an 
ounted 


the Braſs Meridian of the Globe: Or it may be counted on 


the graduated Meridian on the Body of the Globe. 


So that Latitude in the Heavens, and Latitude on the Earth, 
are different Things; one being an Arch of a Circle of Longi 


no Latitude 


tude and and 8 to the Planets (except the Sun, Who hath 
ad applicable to the Places on the Earth. 2, Lon- 


and Stars: The other an Arch of the Meridian, 


| 
| 
| 
| 
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12. Longitude in the Heavens, is an Arch of the Ecliptic, 
comprehended between the Beginning of Aries, and that Cir. 
cle of Longitude which paſſeth through the Center of the Sun, 
Star, or any Point of the Heaven, and counted according to 
the Succeſſion of the Signs. 

13. The Place of the Sun, or a Star, with reſpect to the Eclip. 
tick, is the Sine, and Degree, and Minute of that Sign to Sun 
or Star is in. e 

14. Longitude of the Sun, or of a Star from the neareſt Equi. 
noctial Point, is how many Degrees and Minutes the Sun or 

Star is from the Beginning of Aries, or Libra; either before or 
after them ; which can never be more than 180 Degrees. 5 

1 5. Longitude on the Earth, is an Arch of the Equator, com- 
prehended between the Meridian of any Place, and that Meri. ] 
dian where Longitude takes its Beginning. | 

So that Longitude in the Heavens, and Longitude on the Earth, 
are vaſtly different, one being an Arch of the Ecliptic, the o- 
ther an Arch of the Equator. 

16. Meridian of a Place, is that Meridian which paſſeth over 
the Zenith of that Place; to which when the Sun cometh it's 
either Noon or Midnight: At the firſt, he is at his higheſt Alti- 
tude above the Horizon, and at the laſt, he is at his loweſt 
Depreſſion for that Day. | 

In like manner, any Star coming to the Meridian of any 
Place, it is at the higheſt Altitude, or loweſt Depreſſion. 

Theſe Things being well conſidered, the following Problem: 
wil} be the better underſtood. 


Problem 9. The Day of the Month given; to find the Sun's 
Place in the Ecliptic. 


r 
0 


The Rule, 1. Seek the Day of the Month (in either Account 
according to the Julian or Cregori an) as you find them placed 
in the Kalendar on the upper Side of the Horizon. ; 

2. Right againſt it, in the innermoſt Circle, is the Sine, De- Pr; 
gree, and Minute, the Sun ſhall be in that Day at Noon. 5 

Example. The 8th Day of January in the Julian, or 19th of 
Gregorian Account ; I demand the Sun's Place in the Ecliptics 

Right againſt the 8th of January in the Julian Kalendar, in 
the, Circle next within it, it is 29 Degrees of Capricorn, in which 
Sign and Degree the Sun will be the 8th of January. 

In like manner, his Place for February the 1 5th, is 7d. zom. 
in Piſces. 


Problem 10. How to rectiſy the Globe for any Latitude, and to 
make it fit for Uſe, at any given time. 1 
L 
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he Rule, 1. The Globe being placed in the Frame, by puttin 
the Braſs Meridian into the two Notches that are in the Nort 
and South parts of the Horizon, ſo that the graduated ſide there- 
of be towards the Eaſt, and it reſts in the Notch that is in the 
bottom of the Frame : Move the ſaid Meridian higher, or low- 


er, till the given Latitude in it doth juſt touch the upper part of 


the Horizon on the North fide thereof, if North Latitude, 
but the South fide, when South Latitude. 

2. Place the Braſs Hour Circle about the Pole, ſo that the 
Hours of 12 and 12 lie directly over the graduated ſide of the 
Braſs Meridian; and put the little Index on the Axis, ſo that it 
may move about as you turn the Globe ; then doth the upper 
12 on the Hour Circle repreſent 12 at Noon, and the lower 12 
at Midnight ; and all the other Figures correſpondent Hours 


1 of the Day and Night. © | 
3. By Problemg. find the Sun's Place according to the given 


Time ; then ſeek the Sun's Place in the Ecliptic on the Body 
of the Globe, and bring that Degree to the Braſs Meridian; 


| thereſtay the Globe, and then turn the little Index, till it points 
juſt at the upper 12 in the Hour Cizcle. $4. 3 


Thus is the Globe rectified to the given Latitude, and the 


Hour Circle and Index to the given Time. 


Example. At London, t,e 14th of February; 7 would have 


| theGlobe rectified fit for Uſe ? 


1. Move the Braſs Vieridian till 51d. 32m. in it toucheth the 


t North Part of the Horizon. 


2. By Problem g. the Sun's Place is 6d. 3om. in Piſces ; 


which being found in the Eliptic on the Globe, bring it to the 
Braſs Meridian, and there ſtaying the Gl-be turn the little Index 


to the upper 12 in the Hour Circle; and there ſet it ſo, that it 


may move with the Globe, and it's done. 


! Problem 11. The Day of the Month given; io find the Sun's 


Declination. 


The Rule, 1. By Proh. 9. find the Sun's Place in the Ecliptic. 
2. Bring the Sun's Place (in the Ecliptic on the Globe)to the 
Braſs Meridian, on which and right over the Sun's Place is his 
Declination required. | 
Example. The 14th of February; I defire to know the Sun's 
© Declination 

1. The Sun's Place in the Ecliptic, for the 1 4th of February 
(found by Prob. g.) is 6d. 3om. in N. 58 Foray 
2. Bring 6. 3om- in X (in the Ecliptic on the Globe) to the 


Braſs Meridian, and then right over it on the Braſs Meridian 


is 9d. Tom. which is the Sun's Declination, South Decreaſing. 


Or thus ; | 1. With 
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1. With a Pair of Compaſſes take the neareſt Diſtance from 
the Sun's Place in the Ecliptic, 6d. 30m. in , to the Equi. 
noctial on the Globe. | | | 

2. Meaſure that Diſtance on the Equinoctial-Golure, and it 
ſheweth the Declination 9d. 10m. as before. 


Problem 12. The D of the Month given; to find the Sur's 
Right Aſcenſion. ; 


The Rule, 1. As before, find the Sun's Place in the Ecliptic, 
by Problem . 


2. Bring the Sun's Place (as directed in Problem 11.) to the 
Braſs Meridian, look what Degree of the Equinodtal is cut by 
it, and that is the Sun's Right Aſcenſion required. 
Example The 14th of February; I demand the Sur's Right 
Aſcenſion ? 

1. The 14th of February his Place in the Ecliptic is 6d. 30m. 
in A, by Problem q. | 

2. His Place 6d. 30m. of M. being brought to the Braſs Me- 


ridian, it cuts tee Equinoctial in 338d. 15m. the Sun's Right 
Aſcenfion. 


Problem 13. The Latitude of a Place, and the Day of the Month 
given ; to find the Time of the Sun's Riſing, Setting, and his 
Amplitude, $28 f | 
The Rule, 1. ReCtify the Globe (by Problem 10. fit for Uſe) 

according to the given Latitude, and given Time. 

2. Bring the Sun's Place (in the Ecliptic on the Globe) down 
to the Horizon on the Eaſt Side thereof, and then the little In- 
dex will point to the Sun's Riſing in the Hour Circle; and the 
Body of the Globe ſtayed there, look what Degrees of the Ho- 
rizon (counted from the Eaſt Point thereof) ſtandeth right a- 
gainſt his Place (in the Ecliptic on the Globe) that is the Sun's 
Amplitude at his Riſing. 

In like manner turn the Globe till you bring the Sun's Place 
to lie even with the Weſt · ſide of the Horizon, ſtaying the Body 
of the Globe there, then will the Index point to his Setting, 
and againſt his Place on the Globe ſtandeth his Amplitude (on 
the Horizon) counted from the W. Point thereof. 

Example. The 14th of February, at London, I demand the 

Time of the Sun's Riſing and Setting, and his Amplitude ? 

I. The Globe being Rectified to the Latitude of 51d. 32m- 
and the Hour Index to 6d. 3om. of M. then its rectified to the 
given Latitude and given Time. | 

2. Bring 6d. 3om. of A, to the Eaſt- ſide of the Horizon and 
ſtaying the Globe there, the Index points to 6 Hours } ; that is; 


after 
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after 6 is the Sun's Riſing: And againſt 6d. 30m. of M, is 14d. 
35m. on the Horizon (from the Eaſt towards the South) which 
is the Sun's Amplitude at Riſing. 

In like manner turn the Globe till you bring 6d. 30m. of M, 
to the W. ſide of the Horizon, and the Index points to! after 5, 


which is the Sun's Setting; and in the Horizon you have his 


Amplitude (the ſame as before) 14d. 35m. (from the Weſt to- 
wards the South) which is the Sun's Amplitude at Setting. 


problem 14. The Latitude of a Place, and the Day of the Month 
+ ven; to find the Sun's Oblique Aſcenſion, and Deſcenſion. 
The Rule, I, Rectify the cles to the given Latitude, and 
find the Sun's Place in the Ecliptic for the given Time. | 
2. Bring the Sun's Place in the Ecliptic on the Globe, to the 
Eaſt-ſide of the Horizon, and then ſee what Degree of the E- 
uinoctial is cut by the Horizon, and that is the Sun's Oblique 
ſcenſion. | | | 
3. In like manner bring the Sun's place in the Ecliptic to the 
Weſt - ſide of the Horizon, andit ſheweth his Oblique Deſcenſion. 
Example. The 14th of February at London: I demand the 
Sun's Oblique Aſcenſion and Deſcenſion ? 
I. Rectify the Globe to the given Latitude 51d. 32m. ac- 
cording to Problem 10. | 
2. Bring 6d. 3om. of X (the Sun's Place for the 1 4th of Fe- 
bruary) to the Eaſt - ſide of the Horizon, and then it cuts the E- 
quinoctial in 326d. 50m. which is the Sun's Oblique Aſcenſion, 
) 3 Bring 6d. 3om. of Xto the Weſt- ſide of the Horizon, it 
cuts the Equinoctial in 326d. 3om. which is the Sun's Oblique 
n KF Delcenſion. | 
Problem 15. The Latitude of a Place, and Day of the Month given; 
oe to find the Sun's Altitude, and Azimuth at any time of the Day. 
* The Rule, 1. Rectify the Globe and Hour Index, as before 
in Problem 10. „„ | 
2. Screw the Quadrant of Altitude in the Zenith; which I 
_- rectifying the Quadrant of Altitude to the Latitude of the 
| Place. 


3. Turn the Globe till the Index point to the given Hour of 
the Day, and there ſtay the Globe. | 

4. Move the Quadrant of Altitude till the graduated Edge of 
it lie juſt on the Sun's Place in the Ecliptic on the Globe, and 
there ſtay it. 


5. Look what Degree on the Quadrant of Altitude is againſt 


ry f * 

2 2 3 

7 N P Ke 
. —_—_— _ 


1 the Sun's Place, and that is the Sun's Altitude. | 
the 1 _ ©: Look what Degree of the Horizon is cut by the graduated 
| Edge of the Quadrant of Altitude, counted from the North, 
ad or from the South, that is the Sun's Azimuth. | | 
183 20 Example. 
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Example. Af London the 17th of June, at 6 of the Clock in 
the Forenoon ; I demand the Sun's Altitude and Azimuth s? 
I. The Globe being rectified by Prob. 10. turn it about till 
the Hour Index point to 6 in the Morning, and there ſtay the 
Body of the Globe. N Th * N 
2. Screw the Quadrant of Altitude on 51d. 32m. (on the 


Braſs Meridian) which is the Zenith, or London's Diſtance from 
the Equinoctial. et tg 2 

Note, In ſcrewing the Quadrant of Altitude on the Braſs 
Meridian, you muſt put the Screw- ſide of the Notch, on the 
Back- ſide thereof, and put it cloſe down, ſo cloſe to it, that 
the thin Plate may be as near the Body of the Globe as poſ- 
ſibly 3 can ; yet ſo, as not to obſtruct its moving. 

Alſo mind that you ſet the ſloped Edge of the Notch to the 
Latitude of the given Place. _ | 

3. Bring the graduated Edge of the Quadrant of Altitude to 6d. 
rom. of S, the Sun's Place (for une the I 7th) in the Ecliptic, 
and then on the Quadrant of Altitude (againſt it) is: the 189, 
30m. his Altitude at 6 of the Clock. We 
4. And the Quadrant of Altitude cuts the Horizon, in 104d, 
om. from the South-Eaſtward, which is the Sun's Azimuth 
at the ſame Time. . 


Problem 16. The Latitude of a Place, the Day of the Month, 
and Sun's Altitude given; to find his Azimuth and Hour of the Day. 

The Rule, 1. Rectify the Globe, Hour- Index and Quadrant of 
Altitude, as before. OY | 

2. Turn the Body of the Globe, and move the Quadrant of 
Altitude, till you bring the Sun's Place in the Ecliptic to lie juſt 
under his Altitude on the Quadrant; there ſtay them both. 

3. Then will the graduated Edge of the Quadrant point out 

the Azimuth in the Horizon from the North, or South ; and 
the Index ſheweth the Hour of the Day. | 
Example. A Barbadoes the 14th of February, in the Fore- 
noon, the Sun's Altitude being 30d. 1 demand his Azimuth and 
Hour of the Day ? 
I. The Globe being Rectified to the Latitude of Barbadver, 
13d. 3om. alſo the Hour-Index to 6d. 3om. of , the Sun's 
Place for the 14th of February, and the Quadrant of Altitude 
ſcrewed in the Zenith. | | 

2. Then move the Globe and Quadrant of Altitude, till you 
bring 30 Degrees on the latter to lie juſt over 0d. 30m. of Xin 
the Ecliptic, and there ſtay them both. 

3. Then doth the Quadrant of Altitude lie right againſt 72d. 
in the Horizon, from the South towards the Eaſt, the Sun's 


Azimuth, which is almoſt ESE. E. | 
1 4. And 


me Sun's Place cannot be determin'd. 
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4. And then the Hour-Index points to 8 Hours },, that is 
45m. after 8 of the Clock in the Morning. 6 


Problem 17. The Lititude of a Place, the Day bf the Month and 
Sun's Azimuth given, to find his Altitude, and Hour of the Day. 


The Rule. 1. Rectifie the Globe, Hour-Index, and Quadrant 
of Altitude as before. | 
2. Turn the Quadrant of Altitude, to the given Azimuth in 
the Horizon, and there ſtay it. | 8 0 

3. Then bring the Sun's Place in the Ecliptie (keeping the 
Quadrant of Altitude fixed) to the graduated Edge thereof, 
(which is alſo before ſet to his given Azimuth); and ſtay the 
Globe there: GO Eh as | p A 

4. And then doth the E-liptic cut the Quadrant in the required 
Altitude, and the Index ſheweth the Hour of the Day deſired. 

Example. At Barbadoes the 14th of February, the Sun's Asi, 
muth in the Afternoon, being WS. * . or 73d. South-Meſterly: 
1 demand his Altitude and Hour of the Day? 

Anſw. Obſerving the foreſaid Directions, and turning the 
Globe and Quadrant of Altitude towards the Weſt, you will 
find the Sun's Altitude to be 3od. and the Hour of the Day 


I5m. after 3 in the afternoon. * 

Problem 18. The Latitude of the Place, the Sun's Altitude, and 
Azimuth given; to find his Place in the Ecliptic, and Hour of 
the Day. © „ 3 3 


dhe Rule. 1. Rectifie the Globe to the Latitude, and ſcrew 
the Quadrant of Altitude to the Zenith. _ | | 

2. Turn the graduated Edge of the Quadrant of Altitude to 
the given Azimuth in the Horizon, and there ſtay it. 

3 Turn the Body of the Globe, (without ſtirring the Qua- 
drant out of it's Place) till the Ecliptic cut the Qua grant in the 


ren Altitude; which will then cut the Eeliptie in the Sun's 
Place required ? 


4. Then turn the Sun's Place to the Braſs-Meridian, and 


rectifie the Hour-Index to 12. 


5. Turn back the Sun's Place to the graduated Edge of th 
Quadrant (it being in the ſame Place; that is, at the given Azi- 
muth as before) and then the Index will ſhew the Hour of the 
Day required? | 

Note, In turning the Globe according to the third Step in this 
Rule, the given Altitude in the Quadrant will cut the Ecliptic in- 
to two ſeveral Signs, and yet the Hour of the Day ſought by the 
fourth Step, will be the ſame ; ſo that unleſs the Month be given, 
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Example. At London, in October, the Sun's Altitude being 
20d. and his Azimuth S. E. or 45 d. South-Eaſterly: I demand 
his place in the Ecliptic, and the Hour of the Day ? 

Anſw. The Sur's Place is 23d. 3om. in Q, and it's 7m- after 
9 in the Morning, the 5th of October at London: Allo the Sun's 
Altitude and Azimuth being the ſame, his place may be 6d. zom. 
in M, and the Hour the ſame, the 1 4th of February. © 

Note ; All theſe Problems may be wrought, having the Sun's 
Declination given, inſtead of the Day of the Month, which may 
be {cen in the next Problem. | | 


Problem 19. The LR a Place, theDeclination, and Altitude 
of the Sun given, fo find his Azimuth, and Hour of the Day. 
The Rule. I. Rectifie the Globe to the given Latitude, and the 

Quadrant to the Zenith as before. 9 955 

2. Bring the Equinoctial Colure to the Braſs Meridian, and 
then ſet the Hour - Index, to the upper 12: which is reckifying 
it when the Declination is given. Prag; | 

3. Move both Globe and Quadrant of Altitude, till the given 
| E on the latter meet with the given Declination in the 

quinoctial Colure on the former, and there ſtay them both. 
4. Then doth the Quadrant cut the Horizon in the Sun's Azi- 
muth, and the Index ſheweth the Hour of the Day required. 

Alſo at the ſame time the Braſs- Meridian cuts the Equinoc- 
tial in ſo many Degrees (counting from the Colure, allowing 
r5d, to an Hour) as the required Hour of the Day is, either 

before or after Noon. | | 1 

Example. At London, the Sun's Declination being 1 5d. North, 
and his Altitude 19d. zom. in the Morning: 1demand his Az:- 
muth, aud Hour of the Day? „ err 
Anſw. The Sun is Eaſt, and the Hour 52m. after 6 of the 

Clock, or 77d. of the Equinoctial is intercepted between the 

Colure and Braſs Meridian: which makes 5h. 8m. from Noon, 

at which Time the Sun is Weſt in the Afternoon. 

In like manner may or of the preceding Problems be 
wrought, obſerving theſe following Generat Directions. 

1. Count the Latitude on the Braſs Meridian. | 

2. The Declination on the Colure from the Equinottial, ei- 
ther Northward or Southward; according to its Name. 

3. The Altitude on the Quadrant of Altitude. 

4. The Azimuth in the Horizon, from the Braſs Meridian to 
the Quadrant. 8 5 S668) e ein | 

5. And the Hour (from Noon in Degrees) on the Equinoctial, 
from the Equinoctial Colure to the Braſs Meridian. | 

Then having any Three of theſe Five given, the other two may 
be found, which I leave for the Learner's Exerciſe. : 

EPR To tel 4 | Note; 
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Ecliptic. 


a Star © 
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Note; All the foregoing Problems, may be wrought on ei- 
ther Globe; but the follow ing only on the Cele/ial Globe. 


Problem. 20. To find theDeclination i andRight Aſcenſion of aStar. 
The Rule. Bring the given Star to the Braſs Meridian, and 


there ſtay the Globe. | | 
2. Then the Center of the Star cuts the Braſs Meridian in 


its Declination. counted from the Equinoctial either North- 
ward, or Southward. 

3: And the Braſs Meridian cats the Equinoctial in its Right 
Alice 


nſion, counted from the beginning of V according to the 
Succeſhon of the Signs. k 


Example. 1 demand the Right Aſcenſion, and Declination of 


1 Aldebarn, or Oculus Tanti the Bull's Eye? 


Anſw. According to the Direction above you will find 
its Right Aſcenſion 65d. 03m. and its Declination near 15d. 
55m. North. | i 


Problem. 21. To find the Latitude and Longitude of a Star. 


The Rule. 1. Bring the Solſtitial Colures to he Braſs Meri- 
dian, that the Pole of t! cliptic on the Globe may be juſt 


Sander 23d. zom. on the ſaid Meridian, and there fix the Body 
of the Globe. nb 


2. Screw the Quadrant of Altitude juſt over the Pole of the 


o 


3. Bring the Graduate Edge of the Quadrant to the Center 


of the Star, and there ſtay it. 


| Quadrant cuts the Ecliptic in its Longitude. 


4. Then the Star cuts the Quadrant in its Latitude. and the 
pag pf I demand the Latitude and Longitude Arcturus, 
F the firſt Magnitude in the e Bootes. 

Anſw. This Star's Latitude is 30d. 


57m. North, and it's 


| Leh itude 20d. 24m. in , or 200d. 24m. from the beginning 


and fo for any other, as in the following Table. 


* — — 
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25 I Longi- | Latitude | Right | Declina] 
Stars Names. |& | Jude IAccen.] tion | 


"cel S. D. M. | D. M. D. M. D. M. 
Pole-Sta., of North-\ © 


Star 2 |IT 20.05] 66.30N| 08.00|87.35 N 
Laſt in Eridanus © e 5 8 5 
Acarnar-. i | * T0-55159.55 S| 21.15| 58.55 8 


hal *s Jaw Cetus | 2 | & 10.29 12.37 S| 42.0002. 59 N 
BulPs Eye Aldebaran} 1 [H 5.57] 5.30 $| 65.03] 15.55 N 
Capella, or Aurigans| 


left Shoulder ——|\ 1 [H 18.02] 22.52 N| 74-07} 45.41 N 
Prion's tft foot Rege 1 [I 13. 00 31.10 $| 75.21} 08.33 
Fe b 1 I 24.55 16.05 8 85.05] 7. 19 N 
Treat Dog, Syrius —| 1 S 10. 1939.32 8 93.17]16.21 8 
Little Dog, Procyon | 1 | 22.00 15.58 8111. 14405. 54 N 
ly ira's Heart, Al- | | 


| phard — 


* 


1 [62 23.28 22.21 8138.31 7.29 8 

Lyon's Heart, Regulus] 1 JO 26.01 [ oo. 37 N 148. 2613. 17 N 

Foot of the Croſier — 2 m 8. o8 52.45 8 183.05 61.318 
I 
I 


irgin's Spike —: S 20.01 [02.02 8 197.44] 09.43 8 
Arcturus in Bootes 20. 24 30.57 N 210.48] 20. 39 N 
ight & of the a 


Harp Lyra I | W 14.27 61.46 N | 276.54 38.33 N 
outh Fiſh, Fomel- | | 
haut I l 29.59 \21.05 8 340.35 31.03 9 


Problem 22. To find the Riſing, Setting, and Culminating of a 
Star at any Time, in any Latitude. 
The Rule, 1. Rectify the Globe and Hour-Index, as in Prob. 10. 
2. Bring the Star, (whoſe Riſing you would know) to the 
Eaſt Part of the Horizon, and then the Index will point to the 
Time of it's Riſing : Alſo the Degree of the Horizon againſt 
the Star, is it's Amplitude at Riſing. 
3. Bring the Star to the Braſs Meridian, and the Index wil 
ſhew the time of it's Culminating (or coming to the Meridian) 
Alſo the Degree of the Braſs Meridian, contained from the 
Horizon to the Star, is its Meridian Altitude. | 
4. Bring the Star to the Weſt part of the Horizon, and then 


the Index will ſhew the Time of its Setting: Alſo againſt ti: 


Star, on the Horizon, is its Amplitude at Setting, which ö 
ever the ſame Quantity as at Riſing. 

This is fo eaſy to perform, and ſo often done in the Problem 
concerning the Sun, it needs no Example. 


Problem 3. To know at any time what Stars are above the Hurixm, 


either riſing towards the Meridian, or falling from it, toward 
their Setting, alſo what*s their Altitude and Azimuth. 
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The Rule. Rectify the Globe, Hour - Index, and Quadrant of 
Altitude, as be fore in Problem 10 

2. Turn the Globe till the Hour-Index point to the given 
Time of the Day or Night; and there ſtay the Globe. 

3. Then obſerve what Stars are even with the Eaſt part of 
the Horizon, thoſe are then Riſing; and all thoſe that are be- 
tween the Horizon and the Eaſt-ſide of the Meridian, are riſen 
above the Horizon, and are riſing towards the Meridian. 

4. All thoſe Stars near the Braſs Meridian, are then near 
Meridian of that Place ; and thoſe at the Braſs Meridian, are 
then on the Meridian of that Place. 

5. If the Quadrant of Altitude be put to any Star, it will 
ſhew it's Altitude at that Time and Place, and in the Horizon 
the Quadrant ſhews its Azimuth, | 
6 All thoſe Stars on the Weſt fide of the Meridian are fall- 
ing from it towards their Setting ; thoſe near the Horizon are 
Setting, and thoſe below the Horizon are ſet. 

In a Word, let the Globe (by help of a Magnetical Needle, or 
Compaſs, or otherwiſe) be ſet fo, as the North Point of its Ho- 
rizon may point to the true North in the Heavens, and the South 


Point to the South; then imagine . eye plac'd within the 
Globe at its Center, and that the Glo 


poſing a ſmall round hole thro? the Center of any Star, now 
your Sight paſſing through it, will direct to the Star in the Hea- 
vens correſpondent to that on the out- ſide of the Globe. 

This being Mathematically well conſider'd, will make the L/ 
of the Globes eaſy, and very much conduce to the knowledge of 


the Stars, a Thing not a little neceſſary in Navigation, but too 
much neglected by moſt Mariners. 1 


Problem 24. To the Hour of the Night by the Altitude of a known 
Star. 8 

The Rule. 1. Rectify the Globe, Hour-Index, and Quadrant 
of Altitude, as before in Problem 10. 

2. Turn the Globe and Quadrant of Altitude till you bring 
2 againſt its given Altitude in the Quadrant, and there 
ay them. 

3. Then will the Index ſnew the Hour required; and the 
Quadrant will cut the Horizon in the Star's Azimuth. 

Note, If the Star you obſerve be on the Eaſt- ſide of the Me- 
ridian, then turn the Quadrant of Altitude on the Eaſt fide of 
the Braſs Meridian of the Globe: And if on the Welt-ſide, turn 
the Quadrant alſo on the Welt -fide. | 
Example · A. London, December the 12th the Altitude of Re- 
gulus er the Lion's Heart, being 25d. zom. Oriental, or on the 


e Hour of the Night? 
> Anf id: 


e were tranſparent, or ſup- 
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Anſfw. Accordingto the aforeſaid Rule, the Hour is near 30m. 
after lo at Night, and the Star's Azimuth 78d. 3om. South Eaſt- 
erly, or Eaſt by South neareſt. "I | 

So much for the Uſe of the Globes, which is gone far beyond 
ah * deſigned Limit occaſioned by a conſtant Reſolution to 

e plain. 


And by the 3 „let me adviſe thoſe who have not Conveni- 


ency for, nor Ability to purchaſe Globes and yet would know 
the Stars, they may attaſHh it with a Pair of eee dee „where 
in are all the Conſtellations ; and each Star according to its Lon- 
dure and Latitude placed in them: Such are made of near 20 
Inches Diameter, to fold in a Book, like a Sea-Chart, in 4 
Leaves ; they are projected on the Plain of the Ecliptic, or as 
ſome ſay, on the Poles of the Ecliptic: So that in one Hemiſphere 
(which is one Leaf) you have all the Conſtellations on the North 
Side of the Ecliptic, and in another all the Southern. 

The Poles of the Ecliptic 1s the Center of each Hemiſphere, 
and the Margent going round them is the Ecliptic, being divided 
into the 12 Signs, and each Sign into 3o Degrees, each Degree 
being ſubdivided into Halves and Quarters: And Lines drawn 
from the Center (or Pole of the Ecliptic) to the Beginning of 
each Sigg. ; | | 
On one of thoſe Lines 1s placed the Degrees of Latitude ; 
and numbred from the Ecliptic with 10, 20, &c. to go, at the 
Pole and Center of it. | 

mY theſe „Er any of the former Problems (wrought 
on the Ca leſtial Globe) may be folved. As for Inftance ; 

To find the Longitude and Latitude M a Star. 

The Rule, 1. Stretch out the Silk-String (faſtned in the Center 
for that purpoſe) over the Center of the given Star, and it ſhew- 
eth or cutteth the Star's Longitude in the Ecliptic. 

2. With a Pair of Compaſſes take the Diſtance from the Cen- 
ter of the Star'to the Center of the Hemiſphere ; lay that Di- 


| ſtance on the Scale of Latitude from the Center of the Hemil- 


phere, and it will ſhew the Latitude required. 

Example. The Foot of the Croſiers, a Star of the ſecond Mag- 
nitude in the Southern Hemiſphere, between Robur Carolinum, 
and Centaurus: I demand it's Latitude and Longitude. 

1. Laying the like Silk String over the Sta.“s Center, it cuts 
the Ecliptic in My 8d. 8m. the Star's Longitude. 

2, Take the Star's Diſtance from the Center of the Hemiſ- 
phere, meaſure it on the Solſtitial Colure, from the ſaid Center, 
and it reacheth to 52d. 45m. the Star's Latitude South. | 

There are drawn in theſe Hemiſphere's the Equinoctial, Tro- 
pics, Polar Circles, and Poles of the World; all which are 
deſcribed by their Names ſet to them: More Circles may be 

Fi | 7 | drawn, 
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drawn, and are of Uſe in ſolving other Problems ; which ſhall 


be ſhewed after the Problems of Aſtronomy. | 


* — 


— * 
. 


CHAPTER VII. 
Spheyic Trigonometry, applied in Problems of Geography. 


Efore I treat of Great Circle Sailing, it's not amiſs to diſ- 
| courſe ſomething in Geography ; and for a more diſtinct 
Knowledge thereof, take theſe following Definitions and Pro- 
blems. Theſe Definitions are much the ſame as before, in 
Chapter 4. of Mercator”s Sailing, in Page 77. 


Section 1. Geographic Definitions. Plate t. Fig. f. 


5 E Earth (on which we dwell) together with the Vater, 


makes one round Body or Globe, which is the Subject 

of Geography. 
2. The Poles of the Earth, are two imaginary Points, directly 
oppoſite upon the Surface of it; that in the North, called the 


| North Pole ; and that in the South, called the South Pole : 


As P and I. Plate 5. Fig. 1. 

3. The Equator, or Line under the Eguinoctial, is a Line 
drawn round the Globe, and lieth in the Middle between both 
Poles, cutting all Meridians at Right Angles ; is a great Circle 
from which Latitude taketh it's Beginning and in which Lon- 
gitude is reckon'd, as AAQ. Plate 5. Pig. . 

4 Meridi ans are great Circles drawn through both Polzs, 
cutting the Equator at Right Angles, as POI, PAI and PMI; 
anſwerable to them, are the North and South Lines drawn in 


any Chart. 


5. Parallels of Latitude, are leſſer Circles drawn Parallel to 
the Equator ; through every Degree and Minute of the Me- 


ridian between the Equator and each Pole as alt and Z > It, 


and are repreſented in any Chart, by the Eaſt and Weſt Lines 


6. Latitude, is an Arch of a Meridian, contained between 


| any Parallel, and the Equator, from whence it is counted 


both ways to each Pole, where it ends in 9o Degree, which 


is the greateſt Latitude. 


7. North Latitude, is on that Side of the Equator towards the 


North Pole, and South Latitude towards the South Pole. 
8. Difference of Latitude, is an Arch of a Meridian and the 
* neareſt Diſtance between any two Parallels, and ſheweth how 
far any Place is to the Northward or Southward of another 
Place, and never exceedeth 180 Degrees. 
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9. Longitude, is reckon'd on the Equator, round which in- 
crealing to the Eaſtward, it's counted (by ſome) till it end 
(where it firſt began) in 360 Degrees, Which is the greateſt 
Longitude : Or, according to Mr. Wakely in his Mariner's 
Compaſs Recti fied, it's counted from the Meridian of London, 
increaſing on both Sides of it, Eaſtward and Weſtward, till it 
terminates in 180 Degrees, at the oppolite Meridian. 

10. Longitude of a Place, is an Arch of the Equator, con- 
tain'd between the Meridian of that Place, and the firſt Meri- 
dian where Longitude taketh its Beginning, and counted (by the 
old Way) to the Eaſtward of the Firſt Meridian, but (by the 
new Way) it's counted both Eaſtward and Weſtward, from 


the Meridian of London which in this Account is the Meri- 


dian, whence Longitude taketh its Beginning. 

11. Difference of Longitude, is an Arch of the Equator, 
contained between the Meridians of any two Places, and ne- 
ver exceedeth 180 Degrees. ; | 

12. The Diſtance of any tus Places, is an Arch of a Great 
Circle, paſſing through them; and never exceedeth 180 Degrees. 
13. The Angle of Poſition, or the Angle of Situation of Places 
is an Angle the Arch of a great Circle paſling over two Places 
makes with the Meridian of one of them, — is not the Courſe 
leading from one to the other. | | | 
In finding the D7/tance of Places, there are 3 Cafes As (1.) 
when they differ only in Latitude; (2.) when they differ only 
in Longitude ; and (3.) when the two Places differ both in Lati- 


tude, and Longitude ; all which are performed by the following 
Problems, TY $65 Oey | 


Section IT. Geographic Problems. 


Cafe 1. Two Places differing only in Latitude given; 10 find 
their Diſtauce. 


Note 1. TM Places under one Meridian or bearing North and 
| South from each other, or in one Longitude, are 

faid to differ only in Latitude. 
2. Two Places differing only in Latitude, the Difference of Lati- 
tude is the Diſtance required: In which there are two Varieties. 
Variety 1. Problem i. Two Places both on the ſame Side of the 
Equator, that is, both in Nerth, or both in South Latitude ; to find 

their Diſtance. 3 
The Rule, Subtract the leſſer Latitude from the greater, the Re- 
mainder (reduce into Leagues or Miles) is the Diſtance required. 
Variety 2. Prob. 2. If one Place be on one Side of the Equator, 
the other on the other Side; that is, one in North Latitude, and 

Ihe other in South Latitude; to find their Diſtance. 1 7 
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* The Rule. Add the two given Latitudes together, the Sum 
(reduce into Leagues or Miles) is the Diſtance required. 

Theſe are ſo eaſy, it's needleſs to give Examples; being the 
ſame you had in Chapter 3. Section 3. General Rule 2. in Plain 
Sailing, in Page 8555 

Qaſe 2. Two Places differing only in Longitude given; to find 
their Diſtance, | 

Note, Two Places differing only in Longitude lie Eaſt and 
Weſt from each other, and are either in the Equator or elie in 
one Parallel of Latitude, | | 

| In this Caſe are two Varieties. 

Caſe 2. Variety 1. Problem 3. Two Places in the Equator, 
their Lengitudes being given ; to find their Diſtance. 

"The Rule. 1. According to the old Way of counting the 
Longitude, ſubtract the lefſer Longitude from the greater, the 
Remainder (if leſs than 180 Degrees) is the Diſtance required; 
but when its more, ſubtract it from 360 Degrees, and this laſt 
Remainder is the Diſtance. : 

2. According to the new Way of counting the Longitude in 
the Mariner's Compaſs Kerr, the Rule is thus; 


If both Long. be Eaſt, or both Weſt, ſubtract the leſſer from 


the greater, the Remainder is their Diſtance But when one is 
in Eaſt and the other in Weſt Long. add them, and the Sum (if 
it exceed not 1 80d.) is the Diſt. and when it doth exceed 180d. 
Degrees, ſubtract it from 360 Degrees, the Remainder is the 
Diſtance required, which is the Pine as in Chap. 4. Section 2. 
Problem 3. Page 84. of Mercator”s Sailing. 3 5 


Caſe 2. Variety 2. Problem 4. Two Places in one Parallel, or 
both in one Latitude, their Longitudes being given to find their 
Diſtance. | 


Example. Tdemand the Diſtance between the Lizard andthe 
Pengwin Iſland in Newfoundland? | 


| 1 d. m. | | d. m. 
Lizar | „ N 5 24 W. 
Penguin Wand? Latitude 50 oo N. Longit. 15 Io W. 
Subtract from ——— 90 oo Diff. Lon. 47 46 
Rem. is Comp. Lat. 40 00 


Theſe Places ſuppoſed both in the Latitude of 5od. oom. 
North, whoſe Complement is 40d. oom. 


To delineate this Problem Stereographically on the Plain of 


the Meridian of the Lizard. Plate 5. Hg. 1. | 
I. Deſcribe the Circle EP OI, with a Chord of 60 deg. or 


Half- Tangent of 90. Degrees, and Quarter it, with the two 
Diameters or Right Circles PAI and ZAQ. Then is P the 


North Pole, I the South Pole, and A Q the Equator. By 
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2. By Problem 2. Caſe 2. Page 104. of Spheric Geometry make 
the Angle APN equal to 47d. 46m. (the Difference of Longi- 
Fades by drawing the Oblique Circle PONI, with the Secant 

Creor . "4. . | 

3. Make PZ equal to 4od. oom. (the Complement of the gi. 
ven Latitude) by Prob. 6. Caſe 1. Page Io. of Spheric Geometry. 

4. Through Z draw the Parallel Circle Z© It (by Problem g, 
Caſe 2. in Page 111 of Spheric Geometry, ) with the Tangent of 
4od. oom. (the Complement of the given Latitude) to cut the 
Oblique Circle PAN! in O: Then Z repreſents the Lizard, 
and © Penguin Iſland, both in one Parallel of Latitude. 

5. Then through Z and O, draw a great Circle, as is the 
Oblique Circle 200, and it's done, for Z on the Oblique 
Circle is the Diſtance required, which is meaſured by Problem 
7. Caſe 3. in Page Ig. of Spheric Geometry. 

To find their Diſtance by Trigonometry, 'tis to be noted; 

That in the Oblique Spheric Triangle ZPO. Plate 5. Fig. 1. 

1. The Side ZP equal to P Qis the Comp. of the Lat. god. oom. 

2. The Angle ZPO the Difference of Longitude — 47d. 46m, 

3. The Side Z the Diſtance of the two Places; which to 
find, let fall the Perpendicular PB (by drawing an Oblique Cir. 
cle with the Secant of 23d. 53m. half the (given) Difference 
of Longitude to cut the Oblique Circle 20 in B) and it divides 
the Oblique Spheric Triangle into two equal Rectangle Spheric 
Triangles PBZ and PBO, in each the Hypotenuſe, and one 
Angle is given. | 

1. The Angle ZPB equal to BPO, is half the Difference 
Longitude, 23d. 53m. | 

2. The Leg ZB equal to BO, is half the Difference required. 

Therefore the Proportion by Chapter 5. Section 4. Problem 2. 


_ Cafe 4. Page 126 of Rectangular Spheric Trigonometry, is thus: 


As Radius, is to the Sine Complement of the Latitude; ſo is 

the Sine of half the Difference of Longitude, to the Sine of 
half their Diſtance required. But in ſhort thus. 
As Radius ++ S. Hypot. PZ :: S. Angle Z PB. S. Leg. ZB the Diſt. 
Aron. 8. 40d. oom. :: S. 23d. 5 zm. 15d. orm. c 
Which being doubled makes the Diſtance zod. Iom. or 1810 
Minutes, which is the Diſtance between the Lizard and Pen- 
gwin Iſland, in the Arch of a Great Circle. 


Problem 5. To find hou many Miles or Minutes of the Equator 
make @ Degree of Longitude in any Parallel of Latitude. 
| The Rule or Proportion is; ; 
As Radius, is to 60 Miles or Minutes a Degree of the Equator. 
Sa is the Sine Complement of the Latitude, to the Miles 
or Minutes of the Equator, which makes a Degree of Longi- 
dude in the Parallel required. Example. 


- 
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Example. How many Miles will make a Degree in the Latitude 

E | of London. | 

As Radius · S. c. Lat. :: a deg. in the Equa. a deg. in the Par, 

As 8. god. . 8. 38d. 28m. :: 60 Minutes . Min. 37. 32. Parts. 

The Miles of the Æquator that make a Degree of Longitude 
in the Latitude of 51d. 32m. | | 

Caſe 3. Tiuo Places differing both in Latitude and Longitude, their 

' Latitudes and Longitudes being given; to find therr Diſtance. 

' Nite, In this Cale are three Varieties. 

' Variety I. Problem 6. One Place in the Equator, and the o. 
ther towards either of the Poles. 

Example, Suppoſe the Lizard and the Entrance of the River 
Amazones, their Latitudes and Longitudes being as followeth : 1 
demand their Diſtance ; 

d. m. d. m. 


Lizard ——— : 5. 24W. 
Amaz. River | Lat. 3 50. 00 5 Longit. ; 8. o4 W. 


Difference of Longitude | — 42. 40 
Io Delincate it Stereggraphically on the Plain of the Meri- 

dian of the Lizard, Plate 5. Figure 1, 

1. The Circle being deſcribed, and quartered as before, in 
Problem 4. make XZ. on the Primitive Circle equal to 50d. 
oom. the Latitude of the Lizard, by Problem 6. Caſe t. in Page 
109. of Spheric Geometry. 

2. By the ſame Problem, Caſe 2. lay 42d. 4om. the given 
Difference of Longitude, on the Right Circle AAQ (which 
is the Æquator) that is, take the Halt- Tangent 42d. 40m. the 
- contrary Way, and lay it from EN. 

3. Then through Zz and N draw a Great Circle, as is the 
* Oblique Circle ZNC, and it's done: For ZN meaſured by 
Problem 7. Caſe 3. in Page 10g. of Spheric Geometry) is the Di- 
+ ſtance required. 

| Butto find their Diſtance by Trigonometry. Obſerve, 

; Fs us in the Rectangle Spheric Triangle ZEN. Plate 5. 
Figure 1. 

1. The Leg ZZ is the Latitude of the Lizard, 50d. oom. 
2. The Leg EN the Difference of Longitude between 
them 42d. 40m. | | 

| 3- Hypotenuſe ZN their Diſtance required, to find which by 

(Chapter 5. Section 4. Problem 5. Caſe 14 in Page 140. of Rect- 
angular Spheric Trigonometry) the Proportion is thus: 


As Radius is to the Sine dere ere of the Lizard Latitude. | 
O 


So is the Sine Complement of their Difference of Longitude ; 
to the Sine Complement of their Diſtance required. But in 


ort thus. * 
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Radius 8. c. Legz. .:: S. c. Leg N · S. c. Hypot. ZN the Diſt. 
S. god. ** S. 40d. oom. :: S. 47d. 20m. S. 28d. 12m. whoſe 


+ "Complement is 61d. 48m. 


= 1 * to 3708 Minutes is the Di. 
'1 | ſtance between the Lizard and Ri | 


ver AZONESsS. 


Caſe 3. Variety 2. Problem 7. Two Places lying towards one 

- of the Poles ; that is both in North Latitude, or both in Siuth 1 1 

Latitude, their Latitudes and Longitudes being given, to fund WW 

| their Diſtance. = 

Example. I demand the Diſtance between the Lizard and Iſland . 
Barbadoes. | 5 

| Y 3 e e d. m. 11 
izar 50 oo , 24 W. J 

| | I. Barbadoes, | Lat. 13 88 Longit. 57 54 W. x | 

| Difference of Longitude — 52 30 

To Delineate this Stereographically, on the Plain of the t 

Meridian of the Lizard. | = C 
1. Having deſcribed the Primitive, Circle, and quarter'd ii 

as before, make the Angle APM by Problem 2. Cafe 2. in Page WF (C 


104. of Spheric Geometry, equal to 52d. 3om. the given Dif. 
ference of Longitude, by drawing the Oblique Circle, PMI 
with the Secant thereof. | 
2. On the Primitive Circle (by Prob. 6. Caſe 2. in Page 108 of I 
Spheric Geometry) make PZ equal to 40d. oom. the Comple- 
ment of the Lizard Latitude, by having the Chord thereof ( 
from P to Z. = C 
3. Draw the Parallel Circle a LIt (by Problem . Caſe 2. in 
Page 111. of Spheric Geometry ) at 13d. oom. (Barbadoes La- 8 
titude) Diſtance from the Right Circle EAQ, the Æquator to 
cut the Oblique Circle PMI. in L. | 
4. Then thro? Z and L draw a Great Circle, as the Oblique 
Circle ZLNC, and it's done: For ZL (meaſured by Problem, f 
72 Cafe 3. in Page 109, of Spheric Geometry) is the Diſtance re- 7: 


1 2 
— 
© * " 


8 
But by Spheric Trigonometry, to find their Diſtance, it is 1 tt 
tobe noted. te 


That in the Oblique Spheric Triangle. ZPL. Plate 5. Figure 1. A 
1. The fide PZ is the Comp. of the Lizard, Lat. 4od. oom. N 
2. The ſide PL the Comp. of Barbadoes Lat. 77d. oom. I 
3. The Angle ZPL their Difference of Longit. 52d. 3om. : th 

4. The ſide ZL their Diſtance required. E 
To find which, (by Chapter 5. Section 5. Problem 9. Cafe 8. J 
in Page 133. of Spheric Trigonometry Oblique the Rule is. =: 
Firſt, As Radius is to the Sine Complement of the Difference] _ 
. of Longitude ; fo is the Tangent Complement of the greater 4 P, 
Latitude, to the Tangent of à Fourth Arch. Which 
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which being ſubtracted from the Complement of the leſſer La- 
titude, when the Difference of Longitude is leſs than go De- 
grees, but when more than 90 Degrees from its Supplement to 
180 Degrees, the Remainder is the Reſidual Arch. Then, 
Secondly, As the Sine Complement of the Fourth Arch afore- 


found, is to the Sine Complement of the Reſidual Arch; ſo is 


the Sine of the greater Latitude, to the Sine Complement of 


the Diſtance required. But, in N as follows; | 
As Radius S. c. Angle ZPL. :: T. Side ZP T. 4th Arch. 
As S. god. S. 37d. 3om. :: T. 4od. oom. T. 27d. o4m. which 
being ſubtracted from the Side PL yd. oom. the I” 
Remainder is the Reſidual Arch —— 499. 5m. * 
Then again ſay, | £4 "1 
As S. c. th Arch · S. c. Reſid. Arch :: S. c. Side ZP Sc. Side ZL. I 
As S. 62d. 56m. ** S. 40d. 04m, :: S. 50d. oom. S. 33d. 37m. | 
Whoſe Complement 57d. 23m. or 3383 Minutes, which is 


the Diſtance from the Lizard to Iſland Barbadoes in the Arch 
of a Great Circle. | 


Caſe 3. Variety 3. Problem 8. 7'wo Places, one in the North La- 19 
titude, the other in the South Latitude; their Latitudes and - i 
Longitudes given Fo fs their Diſtance, | | 
Example. [demand the Diſtance from Cape Cod in New Eng- 

land, fo Cape Bona * or Cape of Good Hope in Africa. 

| m. : | 


; imm. VR 

Cape Cod. 5 ; 42 10 N. ? 13 $ 67 45 W. 1 

C. Bon. Eſp. 158 34 25 8. Loan. $7 10K, 4 

" Sum of Longitudes is — R 84 5 1 
o To delineate it Stereographically on the Plain of the Meridi- 


an of Cape Cod, Plate 5. Figure 1. 
1 1. The Primitive Circle being deſcribed, and quartered as be, 
mn, fore directed, make (by Problem 2. Caſe 2. in Page 104 of Sphe- 
0 a . » 
re. nic Geometry) the Angle AAPM equal to 84d. 55m. the given 
Sum of Longitudes, by drawing the Oblique Circle PMI with 
tis the Secant thereof: But the Secant is fo large, that it's not eaſ 
to do, therefore in ſuch Caſes, lay it on the Right Circle 
AMAQ , the Æquator (by Problem 6. Cafe 2. in Page to. of | 
| Spheric Geometry ) from A, to M that is from the Scale of Half . ui 
Tangents the contrary way; and laying a Bow ſcrew'd up to 1 
te three Points PM, and I, draw the Oblique Circle by it. 
2. On the Primitive Circle (by Problem 6. Caſe 1. in Page 
109.) make PZ equal to 47d. 5om. the Complement of Cape 
* Cod's Latitude. W | 
3. Draw the Parallel Circle a DI t (by Problem 9. Caſe 2. in 
Page 111.) at 34d. 25m. Cape Bon Eſperance Lat. (or Diſtance 


from 
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from the Right Circle AQ, the Equator) to cut the Oblique 


Gircle PMI, in D, repreſenting Gape Bon Eſperance. 
4. Thro Z and D: draw a Great Circle, as the Oblique 


Caſe F in Page 109. of Spheric Geometry) is the Diſtance re- 

uired. | ENS 5 
y SphericTrigonametry, to find their Diſt. it's to be conſider'd, 
That in the Oblique Spheric Triangle ZPD. Plate 5. Fig. 1. 


the North Pole, or its Latitude added to god. that is 1249. 25m. 
3. The Angle DPZ their Sum of Longitudes 48d. 55m. 
4. The Side ZD their Diſt. required, which is thus found. 


41 


The Remainder is the Refidual Arch — 119d. 50m. 


Then ſay, 


; 8. Co 4th. Arch. 8. c. Reſidual- Arch. 228. c. Side PZ. S. c. Side Z D 


S. 84d. 3 5m. 8. 28d. OSm. :: S. 42d. 1om. S* 18d. 50m. 
Which added to — — — bp god. COM, 
The Sum is the Side ZD their Diſtance 108d. 59m. 
Or 6599 Minutes is the Diſtance from Cape Cod to Cape 


Bona Eſperance, in the Arch of a Great Circle. 


C HA P. VIII. 
Of the third Part of Navigation, or the Doctrine of Spheric 
Trigonometry, applied in Great Circle Sailing. 


Reat Circle Sailing, as it's the exacteſt, ſo it's the moſt dif- 
cult, and hardly poſſible for a Ship exactly to Sail by; 


yet 


| jt eſpecial 


See. II. Great Circle Sailing. 177 
et it may be of good Advantage to keep conveniently near 
y ly in a Parallel (or Eaſt and Weſt) Courſe. 7 5 
2. Great 8 is Sailing by, or upon the Arch of 
a Great Circle, paſſing thro” the two Places. 

In Great Circle- Sailing, are but three Caſes, viz. (1.) 
when two Places differ only in Latitude ; and (2.) When they 
differ only in Longitude ; and (3.) When they differ both in 
Latitude and Longitude. | | 


J 


Caſe 1. Two Places differi only in Latitude, their Latitude: 
iven; to 2 their Diſtance. | 
1. This the ſame with Chapter 7. Section 2. Problem 1. and 


b >. in page 168 of Geography, to which J refer to the Reader for 
finding their Diſtance, and ſo paſs to 9711 


| Caſe 2. Two Places di fering only in Longitude, the Latitude and 


. Longitude being given; to find their Diſtance in the Arch of a 
Great Circle, and all that's requiſite in Great Carcle- Sailing. 


1. This is the ſame with Chapter 7. Section 2. Problem 3. and 


| 4. in pages 169 and 170. of Geography, to find their Diſtance. 


2. Theſe Places are either in the Equator, or in one Paral. 


el, and lie Eaſt and Weſt from each other; but their Diſtance 
in that Parallel, is not their neareſt Diſtance, the Parallel be- 
ing a leſſer Circle. | 


3. The Diſtance in the Parallel hath been ſhewed in Chap- 


ter 4. Section 3. Problem 1o.. of Mercator” s-Sailing. in page 93, 


and their Diſtance in the Arch of .a Great Circle, is found by 
Chapter 7. Section 2. Problem 4. in page 170. of Geography. But 


| the Angles of Poſition made by the Great Circle and it's La- 
| titude, and Longitude at any aſſign'd Portion, together with 
the Courſe, and Diſtance from Place to Place, ſo aſſign'd in 
it, is the Work now. | 


| Caſe 2. Prob. 1. Sppsſe the Lizard, and Pengwin-Ifland, beth 


in the Latitude of 50d. oom. North, whoſe Difference of Lon- 
gitude is 47d. 46m. as before in Prob 4. in Page 170. of 
Geography :) 1demand the Angles of Poſition ? The Great-Cir- 
cles Diſtance between them? The Latitude of the Arch at e. 
very fue Degrees Difference of Longitude? And the Courſe, 
and Diſtance of each of them according to Mercator. 


This Problem is delineated by the Directions in Problem 4. 


f of Geography, in page 170. And obſerve that, 
In the Oblique r- Triangle APC. Plate 5. Fig. 2. 


1. Arepreſents the Lizard. 


N 2, C Penguin Iſland. * he 


1  Creat Circle Sailing. © Chap. VIII. 
31 The Side PA equnl to PG, the Complement of their La. 
titude 40d. * 2 „ „„ 
4. The Angle APC the Difference of Longitudes 47d. 46m. 
5. The Angle CAP equal to ACP the Angle of Poſition at 
each Place. | SALE 
6. The Side AC; the Great Circle's Diſtance between them. 
Firſt, Forthe _— CAP, equal to ACP, the Angle of Po- 
ſition at the Two Places. . . 
Draw the perpendicular PB, (as was taught in Problem 4, 
of Geog#aphy, in page 170.) which divideth the Oblique Tri. 
angle APC into two equal Rectangle Spheric Triangles ABP and 
CBP ; in each the Hypotenuſe, and one Angle is given. That is, 


1. The Hypotenule PA, equal to PC, the Complement of 
their Latitude 40 Degrees. 2 


2. The Angle BPA, equal to BPC „ half cheir Difference of 


Longitude 23d. 53m. | WE | 
3. The Angle BAP, equal to BCP, the Angle of Poſition, 
at each Place. | | | 
4. The Leg AB, equal to BC, half the Great Circle's Diſtance, 
5. The Leg BP, the Complement of the Arch's great Lat. 
And by Chapter 5. Section 4. Problem 2. Caſe 6. of Spheric 


 Trigonometry Rectangular, in page 126. the Proportion is thus: 


As Radius, is to the Sine of the Latitude; ſo is the Tangent 
of half the Difference of Longitude, to the Tangent Comple- 
ment of the Angle of Poſition at each Place. That is; 

As Radius S. c. Hypot. AP :: T. Angle APB T. c. Angle BAP, 
As S. god. S. god. oom. :: T. 23d. 53m. T. 18d. 44m. 
Which being ſubſtracted from —— — 93d. oom. 


— 


Remainder is the Angle of Poſition at each place 74d. 16m. 
Secondly, The Leg AB, equal to BC, is found (by Problem 4 

of Geography, in page 170.) 15d. orm. and therefore the Side 

AC is 30d. 1om, or 1810 Minutes, the Diſtance of the two 

Places in the Arch of a Great Circle. 

\ Thirdly, To find the Latitude by which the Arch ſhall pal 
at every 5 Degrees Difference of Longitude from A repreſent: 

ing the Lizard; theſe Things following muſt be obſerved. 

. Firſt, Find the Leg BP, the Complement of the greateſt La. 


titude by which the Arch (of the = Circle) doth paſs ; and q l 


that (by Chapter 5. Section 4. Problam 2. Caſe 5. of SphericTrig: 
onometry Rectangular, in page 120.) is thus; 


As Radius, is to the Sine Complement of half the Diff 


rence of Longitude, 


So is the Tangent Complement of the given Latitude, 0 
the Tangent Complement of the Arch's greateſt Latitude 


boon 

K 4 

N 
* 
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In ſhort thus; 
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As Radius · S. c. Angle BPA :: T. Hypot. PA · T. c. Leg BP. 
As S. god. 8. 66d. o7m. :: T. 40d. com. : T. 37d. zom. 
Which being ſubſtracted from — 9d. oom. 


"yo 


Remainder is the Arch's greateſt Latitude 52d. 30m. 
Secondly, To find the Latitude by which the Arch of the 
Great Circle paſſes at every 5 Degrees of Longitude from A, 
draw Meridians from P, as Pd, Pe, Pf, &c. which may moſt 
eaſily be done Gnomonically, being then Right Lines, and that 
is thus ; 


The Gnomonic Projection. Plate 5. Figure 3. 


1. Make the Angle APC equal to 47d. 46m. the Difference 
of Longitude between the two given Places. 

2. Make PA, and PC, each equal to the Tangent of 40d. 
oom. the Complement of the given Latitude. 

3. Draw the Line AC, which repreſents the Arch of a great 
Circle between them. | | 

4. Let fall the Perpendicular PB, which being meaſured on 


- the Scale of Tangents, is 37d. 30m. the Complement of the 
a Arch's greateſt Latitude. 

* 5. Then draw Lines from P, each 5 Degrees Diſtance from 
* A, as Pd, Pe, ,. Pg, Ph, Pi, Pk, Pk, and Pm; which are 


Meridians, and each 5 Degrees of Longitude from A, the 
Lizard. 


ſheweth the Complements of the Latitudes of the Arch, at 

the reſpective Places d, e, f, &c. 

Theſe are found (by Spheric Trigonometry) after this Man- 

ner. The ſeveral prick'd Lines Pd, Pe, &c. are fo many Hy- 

8 | potenuſes, to as many Rectangular Spheric Triangles, which 
g have one common Leg BP, the Complement of the Arch's 

greateſt Latitude. 

Now in each of theſe Rectangular Spheric Triangles, there 


lo is given a Leg, and its adjacent Angle, to find the Hypotenuſe; 
i that is, in the Triangle dBP, there is given the Leg BP, and 
Lo Angle BPd; to find the Hypotenuſe Pd, and fo in all the reſt. 
. And the ſeveral Angles BPd, BPe, &c. are found by a con- 
Trig tinual Subtraction of 5 Degrees from the Angle BPA 23d. 


| 53m. half the Difference of Longitude, till the Remainder be 
pit leſs than 5 Degrees, which being taken our of 5 Degrees, and 

to this laſt Remainder add 5 Degrees ſucceſſively till the Sum 
de, u exceed not 23d. 53m. That is; 


itude: 
w”_ I N 
* 


6. Meaſure pd, Pe, Pf, &c. on the Scale of Tangents, and it 


From 


1 
r "I ae, 2 y * . 


= 
— — ĩ— 
_— _—_ l 
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Ps d. m d. m- 
From the Angle BPA 23. 5 3 Then to the Angle BPh ol. 07 
Subtract the Ang. APd 5. oo Add the Angle Shi os. oo 

| BPd18. 53 BPi o. o/ 
Remaind. is Ang 171 4. Sum is the Angle +4 : 6 85 

2 BPgog. 53 BPm 21.07 

Which Subtract from o5.0 Theſe Angles are called 
Is the Angle BPH = ol. Vertical Angles, or Angles at 


| the Pole. 
Then find (by Chapter 5. Section 4. Problem 3. Caſe 9. of 
Spheric Trigonometry way ua in pages 127, and 128.) the 
ſeveral Latitudes of the Arch, which is by this Proportion. 


As Radius, is to the Sine Complement of the Vertical Angles; 


So is the Tangent of the Arch's greateſt Latitude, to the 
Tangent of the Arch's Latitude at the reſpective places. Or, 
As Radius S. c.BPd,BPe, &c. :: T. c. Leg BP © T. c. Pd, Pe, &c. 
As S. god. S. 71d. oym.:: T. 52d. 3om. © T. 50d. 48m. Lat. at d. 


76 07 51.41 e 
81 07 52.10 | „ f 
86 07 $2.26. | & | 8 
88 2.30 F 1 h 
82 53 52.20 E 
78 53 — 97 - | k 
* — E 
68 53 50.34 5 m 


So that by the Gunter, the Extent from the Sine of go De- 
grees, to the Sine of 71d, om. will reach from the Tangent 
of 52d. zom. to Tangent 5od. 58m. And the Extent from Sine 
god. to Sine 76d. 07m. will reach from Tangent 52d. 3om. to 
Tangent 51d. m. Alſo from Sine god. to Sine 81d. oym. 
reacheth from Tangent 52d. 3om. to Tangent 52d. 10m. and 

ſo on for the reſt, 


But by Logarithms it may be thus contracted; becaufe the 
Firſt and Third Terms in each Proportion are the ſame, and 


Radius being the Firſt, it follows 


That to the Tangent of the Arch's greateſt Latitude, add 
the Sine Complement of each Vertical Angle, and from their 
Sum abate Radius, the Remainder is the Tangent of the Arch's 


Latitude at each Place required. , As for Example, 


G 


Arch 5 


i 
+ 
* 
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d. m. 
Arch greateſt Lat. 52.39 Tan. 10. 1150 19 
-71.07 Sine 9.971974 d. m. [ 
10. 090993 Tan. g 50.58 | d 
76.07 Sine 9.987 124 
| / 10.102143 Tang. 51.41 
| 81,07 Sine 9.994759 _ 5 
10. 109778 Tang. 52.10 N 
80.07 Sine 9.999002 © 
Caen 2 
10.114021 Tang. 52.26 [|S 
| 88.53 Sine 9.99991 7 — 
Comp. Ler- 4 1 5 * 
tical Angle ˖ — TP | 8 ; 
82.53 Sine 9.997520 „„ 
10.112539 Tang. 52.29 2 
78.53 Sine 9.991774 2 
10.106793 Tang. 51.59 4 
73-53 Sine 9.982587 8 
10,097606 Tang. 51.23 
08.53 Sine 9.909811 
A 10.084830 Tang. 50.34 * 


Thirdly, To find the Courſe, and Diſtance of the aforefaid 
Places, having now the Latitude, and Longitude of them; 


this is done by Chapter 4. Section 3. Problem 2. Mercator's 


Sailing, in page 86. 
As for Example. To find the Courſe and Diſtance from A 
to d. 


d 50d. 58m. North, with their Difference of Longitude 5d. or 
300 Minutes Weſt. * 
Their Meridional Difference of Latitude (by the Table of 
Meridional Parts, in pages 120, and 124.) is 91 Minutes: 
Therefore. 
For the Courſes, the Proportion is; 


As Merid. Diff. Lat Diff. Long. :: Radius. T. the Courſe, 
As 91. Minutes .. 300 Min. :: T. 45d. T. 73d. 07m. N. 
Weſterly from A. to d. is the firſt Courle. 
| For the Diſtances, the Proportion is ; 
As S. c. Courſe © Diff, Lat. :: Radius Diſtance. 
As S. 16d. 53m. :: 58. Min.:: S. 90d. . . 200. Min. from A to d. 
After the ſame manner find the Courſes and Diſtances from 
d. to e. from e. to f. Cc. as follows. 
_ N 2 For 


There is given the Latitude of A 50d. oom. North, and of 
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For the Courſes, the Proportions are ; 
As 69 Min. ++ 300 Min.:: T. 45d. T. 77.02 NW. from d to e. 


47 81.06 from e to f. 
26 84.02 from f to g. 

6 — — 388.36 NW. from g to h. 
14 ——ʃ — 87.15 SW. from h toi. 
3 — — 33.08 from i to k. 
577 — „ 79.14 from k to l, 
78 | 75.26 from | to m. 


As 53 Min. 166 Min.:: T. 45d. T. 72d. 18m. SW. from m to C. 
For the Diſtances, the Proportions are. 
As S. 1 2d. 58m. 43. Min.:: S. god. 192 Min. from d toe. 
8d. 


d. 54m. 29 187 — from e tof, 
4d. 58m. 16 — — 185 — from f tog. 
1d. 14m. 4 — — 186 — from g to h. 
2d. 45m. ũ ũ — — 187 — from h toi. 
Gd. Fam. 22 — — 187 — from i to k. 
Iod. 46m. 36 — — 190 — from k to l. 
14d. 3am. 9 — — 194 — from I| to m. 


17d. 42m. 34 —— 1. fromm to C. 
Which place orderly as in the Table following. 


32 Meri- Aer. Difference Di F. Courſes from Diſtances | 


Lat dional Di. ſof Longi- e La- Place to of 
S Itudes. Paris. Lat. [ttde. titude.] Place. Places 


— ö * wo 
'A 50.00 [3474 5 or 300 58 N 73.07 W 200 


| d. m. Min. Min.] d. m. Min. d. m. Min. 


—„»„— 


| d 50. 58 135600] 92 | 5 or 300 43 N 77. o W 192 


—__ — — — ũ—4ʒ4ĩ—ũ 31 — 
— — as 


51.41 3635 69 | 5 or 309] 29 N 81.06 W. 187 


———— — —— — — . — — ———. n 


52. 10.3682 47 | 5 or 3000 16 N 85.02 W. 185 


F 


” 


52. 263708] 26 | 5 or 300 04 N 88.46 wi 186 


52. 3037144 6 | 5 or 30d og |S 87.15 W. 187 


- = 4 
* — — . - 


1 


52.21 37 | 14 | 5 or 300 22 |S 83.08 Wi 187 


—————7—ð＋:ẽð?' — 


25 — — 


51.59 363337 | 5 or 3001 36 8 79-14 7 190 


wy — — _ . 


3600 57 | 5 or 300; 49 8 75.26 W 194 
3528] 78 [2460r 166 34 6 72. 1 111 


* 


ö 


— — 0 
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But 


3475 53 | The whole Diſlance is 


e —— — _ . " — 


* 
3 26 - 
- -- & © 
” „** s © 


© 
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22 SS ca.” 
” 2» * — — 
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Place this next after Page 180. 
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But in regard moſt of the Courſes in the Table are ſo near 
the Weſt, you may ſail WNW. 927 Min. until you are in the 
Latitude of 56d. oom. North; and then WSW. 927 Min. far- 
ther, you will arrive at the Port deſired. 

By this means you alter the Latitude 6d. which is conſidera- 
able, in reſpect ot the Benefit of Obſervation ; beſides the Di- 
ftance (this way) is but 56 Minutes more than that of a Great 
Circle, and not above 24 Minutes more than the Parallel or 
Weſt Diſtance ; which is evident, if you compare Chap. 4. Sec- 
tion 3. Problem 10, of Mercator”s Sailing, in page 39. with this. 


Caſe 3. Two Places differing both in Lage, and Longitude ; 
their Latitudes, and Longitudes being grven ; to find their Di- 


ſtance in the Arch of a Great Circle, and all that is required 

in Great Circle- Sailing. -. .- | 

Note, When two Places differ both in Latitude and Longi- 
tude. they lie neither in one Parallel nor under one Meridian, 
of which here are three kinds, viz. (I.) one Place under the 
Equator, and the other in North, or South Latitude. (2.) Both 
Places in North, or both in South Latitude: And (3.) One 
Place in North Latitude, and the other Place in South Latitude, 

Theſe three kinds of Places differing both in Latitude and 
Longitude ; how to find their Diſtance in the Arch of a Great 
Circle, hatk been ſhewed in Chapter 7. Section 2. Caſe 3. Problems 
6, 7 and 8, of Geopraphy, in pages 171. 172. 1 73. and 174. But 
to find the Angles of Poſition, and what elſe is requiſite in Great 
Circle-Sailing, is the Work of the three following Problems. 


Caſe 3. The firſt Kind, One Place under the Equator ; the other 
In North, or South Latitude As for Example. 


Problem 2. Sappoſe the Lizard and the Entrance of the River 
Amazones ; I demand the Angles of Poſition ? the great Cir- 
cle's Diſtance between them The Latitude of the Arch at e- 


very lo Degrees Difference of Longitude ? with the Courſe and 
Diſtance if each of them, according to Mercator? 


The Latitude, and Longitude of theſe Places, ſuppoſed to 
be as follows : | | | 


END " fr e . 
zar — 71 . 24 W. 
Ama. Nuver. Latitude 128 wa Longitude ] 3 * W. 
And their Difference of Longitude — 24240 W. 
This Problem is Delineated by the Directions in Problem &, 
of Geography in page 172. And here Note; That, 
In the Rectangle Spheric Triangle Z AN. Plate 7. Fg. I. 


M 3 


4 
1 


41 
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1. Z repreſents the Lizard. 

2. Nthe Entrance of Amazon River. 

3. Z ¶Æ the Latitude of the Lizard, od. oom. 

4- The Leg EN their Difference of Longitude 42d. 40m. 

5. ZN the Angle of Poſition at the Lizard. 

65. ANZ the Complement of the Angle of Poſition at Ana- 
zones, in the Equator. | 

7. The Hypotenuſe ZN the Great Circle's Diſtance between 
them. | 

For the Angles ENZ, or ZN (by Chapter 5. Section 4, 
Problem 5. Cafe 13 and 14. of SphericTrigonometry Rectangular, 
in page 128 and ur Proportions are theſe: 

As Radius is to ine of the Latitude; ſo is the Tangent 
Complement of the Difference of Longitude to the Tangent 
Complement of the Angle of Poſition at the Place having La- 
titude : That is, 0 

As Radius: S. Leg Z:: T. c. Leg ENT. c. Angle ZN 
As S. god. 8. 5od. oom. :: T. 47d, 20m. tt T. 39d. 44m. 

Which Subſtract from —— — — god. oom. 


Reſts the Angle of Poſition at the Lizard - 50d. 16m. 
And again, 8 

As Radius, is to the Sine of the Difference of Longitude ; fo 
is the Tangent Complement of the Lizard Laticade: to the 
Tavgont of the Angle or Poſition at the Place in the Equator ; 
T at is, Hino 6-4; | 7 2 
As Radius: S. Leg N:: T. c. Leg EZ T. c. Angle ANZ. 
As S. god. . S. 42d. 4om, :: T. Jod. oom. T. 29d. 38 m. the 
Angle of Poſition at Anazones, which ſub. from god. oom. 


Angle ANZ 50d. 22m. 

For the Hypotenuſe ZN the Great Circle's Diſtance between 

them, that's found by Chapter 7. Section 2. Caſe 3. Problem 6. 

of Geography, (in pages 170, and 171.) to be 61d. 48m. or 3708 

| To find the Latitude by which the Arch ſhall pals, at every 

i0 Degrees Difference of Longitude, from Z repreſenting the 

| Lizard, obſerve the following Stereographic Projection on the 
| Plane of the Equator. Plate 6. Figure 1. 

1. Deſcribe the Primitive Circle, on the Center P, which 


repreſents the Pole of the World, through it draw the Right 

| Circle PZ A, repreſenting the Meridian of the Lizard, and 

| from the Half-Tangents lay 40d; the Complement of it's La- 
| titude fromP to Z, 1700 

2, On the Primitive Circle lay 42d. 4om. the Difference of 

Longitude from A to N; alſo ſay to deg. from Z to f, from 

frog, and ſo on to i. Os 3. Thro' 


a. 


—ͤ—ñ6—Ʒñ ———— — PP. AA tt 
. ˙ i w AE = 


. 2 R = 
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3. Thro' Z repreſenting the Lizard, and N the Entrance of 
Amazones River, draw a Great Circle, as ZN. | 

4. Draw the Right Circles Pf, Pg, Ph, and Pi; which are 
Meridians, and cut the Arch ZN in a, b, c, and d; the reſpec- 
tive Places whofe Latitudes are required. 

5. Meaſure af, bg, ch, and di, on the Scale of Half-Tan- 
gents (the contrary way) and it ſheweth the Latitude of the 
Arch at thoſe Places; and to find them, 


By Spheric Trigonometry, 

The ſeveral Right Circles af, b g, &c. are fo many Perpen- 
diculars to as many ſeveral Rectangle Spheric Triangles:which 
have one common Angle ANZ, the Complement of the Angle 
of Poſition at that Place, which is in the Equator. 

Now in each of theſe Rectangle Spheric Triangles, there is 
given a Leg, and it's adjacent Angle, to find the other Leg, 
which is the Leg oppoſite to the given Angle; that is, in the 
Triangle a f N, there is given the Leg f N, and Angle a Nf; 
to find the Leg a f, and ſo in all the rell of the Triangles. 

And the ſeveral LegsN f, Ng, &c. are found by a continual 

- Subſtrattion of 10 Degrees from the Difference of Longitude, 
till the Remainder be leſs than 10 Degrees. The Remainders I 
call Vertical Arches, and is thus found. 


d. Bly Prob (by Chapter 5. Section 


From the Leg —— N 42 4914. Problem 3. Caſe 7. of Spheric 
Subſtract the Arch Æ f 10 oo/Frigonometry Rectangular, in 
NT Jz ao pages 127 and 128.) to find 

3 Ng 22. 4J0the ſeveral Latitudes of the 
Remaind. is the Leg Nh 12. 40 Arch, the Proportion is thus, 


NI 2. 40 


As Radius, to the Sine of the Vertical Arch; Wi 
Sois the Tangent Complement of the Angle of Poſition (at 4 
the Place in the Equator, ) to the Tangent of the Arch's Lati- 9 
tude. Or thus; 3 
As Radius · S. Nf. Ng, &c. :: T. Angle a Nf . T. Leg af, bg, &. | 


AS S, god. S. 32d, 40m. :: T. God. 22m. T. 43 3c YA f 

22 4 — —— —— 34 % 8. Cb | 

12 40 — — 21 O05 1 C 1 
i T0 — 9 4 410 > J4 1 
˖ 5 1 
1 I have calculated the Latitude of the Arch for every 10 De- lt - 


grees Difference of Longitude, but by the ſame Method the by 

Practitioner may do it for each 5 Degrees, and then it will be * 
ff more exact. hs L 
N M 4 Th: 
0 | 
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The Courſe and Diſtance from each of theſe Places are 
found (by Chapter 4. Section 3. Problem 2. of Mercator's Sail- 


the laſt Problem, and is as followeth. 
For the Courſes the Proportion is, 


As Mer. Dif. Lat. Dif. Long. :: Radius:: T. of theCourſerequired. 
As 570Min.**600Min.::T. 45d. T. 46d. 55m.S.W.trom Z to a 


O 


72557 — — — 39d. 37m. a to b 
884 — _— —— 324d. 10m. (SW) bto c 
 10D4 vn. « — — 230d, 28m. (from) c to d 
As 28798{hn.::160Min.::T.45d.*T. 29d. 39m. d toN 


”, 7 


2. For the Diſtances, the Proportion 1s 


| ä bon b to e 
59d. 32m. 984 — — — 1141 ) c to d 
God. 21m. 281 — 323 d to N. 


This may ſerve for a ſufficient Explanation of the Problem the 
whole is in the Table following. | 


| Place Meri. Mer. Difference Diff. Courſes from Diſtances. | 
S|Lati- \dional Di ff. ef Longi- | 0 Place to | ff 
5[tude. Parts. Lat-|tude. Lati.| Place. |} Places. 
d.m. Min. Min. d. m. d. m. E m. Minutes. 

Z |50.00{2374 | 570 10 or oo 6.30 8 46 55 W 571 2 
al43.30/2904 72 fl ON boo! 9.23 8 39 73 W 22 3 
b 34.07 21 79 | 884ʃ 0 or 600 3.02 8 34 10 W 945 
ese 29s |ro14 10 or 600 10.248 30 28 W 1142 
[aſo4-4i] 281 | 281 2.40 or160| 4.41 8 29 20 W | 323 : 
NE 54 The whole Diſtance is --- _ 3712 


Caſe 3. The ſecond Kind; Both Places in North, or in South 
1 Latitude, as for Example. 

Problem 3. Suppoſe the Lizard and Iſland Barbadoes ; 1 demand 
the Angles of Poſition? The Great Circle's Diſtance between 
them ? The Latitude of the Arch at every 10 Degrees Diffe- 
rence of Longitude ? With the Courſe, and Diſtance from each 
of them, according to Mercator ? | | TBE 


ing, in pages 87, and 88.) in like Manner, as in the third Step 


3 ⁵˙ — pag fn 2 ot. Os, by pong 
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The Latitude and Longitude of theſe Places ſuppoſed as fol- 


OS: 

d. m. d. m. 
Lizard. 50.00 } „ 5 5.24 W 
1 Latit. CI 3. 0 Longit 58.04 w 


And their Difference of Longitude is—— 52.40 W 


This Problem is delineated Stereggraphically by the Directions 

in Problem 7. of Geograply, in pages 171 and 172, 
In the Oblique Spheric Triangle PZL Plate 6, Fig. 2. 

1. Z repreſents the Lizard in Latitude 50 Degrees North. 

2. L the Iſland Barbadves, in Latitude 13 Degrees North. 

3- The Side PZ the Complement of the Latitude of the Li- ; 
zard 40 Degrees. * 

4. The Side PL the Complement of the Latitude of Barba- 1 
does, 77 Degrees. 

5. The Angle ZPL their Difference of Longitude 52 De- 
grees 4om. 


6. PZL the Lizard. 
7. PLZ 5 the Angle of Poſition at } and Barbadves. 


8, The Side ZL the Great Circles Diſtance between them. 
For the Angle PZL and PLZ, (by Chapter 5. Section 5. 
Problem g. Caſe 7. of Spheric Trignnometry, Oblique, in pages 
134 and 135.) the Proportions are theſe ; 
As the Sine of half the Sum of the Complements of both La- 
titudes, is to the Sine of half their Difference; 
So is the Tangent Complement of half their Difference of 
Longitude, to the Tangent of half their Difference of the An- 
gle of Poſition. Again, 1 
4s the Sine Complement of half the Sum of the Comple- 
ments of both Latitudes, is to the Sine Complement of half 
their Difference; | 
So js the Tangent Complement of half their Difference of 
| Longitude, to Tangent of half the Sum of the Angles of 
* Poſition. But ſhorter thus. 3 2 
As 8 Sum ſides Sn their diſf.:: T. c. 2 PL · T.; diff. of Angles 
As S. 58d. 3om. S. 18d. 3om. :: T. 63d. om. T. 37d. o2m. 


MY 4 - 
— A_ > 4 x 2% 4 * 3 + £4 os. ES 7 
» — * — 5 TREES 1 1 
— I ayes — 8 — na e p 
. 9 1 * N N n = 8 83 *. 
— — - — 


r — / 
Kr 


Again | 

As Sc. Sum ſides · S. i their di ſti; 'T. c.1ZPL. :: T.iSmAngles 4 
5 As S. 31d. 3om. . S. 71d. 30m. :: F. 63d. 40m. T. 74d. 48m. 1 

To which the; Diff. above being adde ——37d. 02m. # 
4 ; ANT” . by } 
| . The Sum is the Angle of Poſition at Z— —T IId. 50m. | 
5 
ch 


And ſubtracted is the Angle of Poſition at L. — 37d. 46m. 
t or 
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For the Side ZL. the Diſtance, it's found (by Chapter 7, 
Section 2. Caſe 3. Problem 7. of Geography, in pages 172 and 
173.) to be 56d, 23m. or 3383 Minutes, which is their Diſtance 
in the Arch of a great Circle. | 

To find the Latitude by which the Arch ſhall 2 at every 
lo deg. Difference of Longitude, from Z repreſenting the Li. 
zard, deſcribe the Problem Gnomonically, and then all the parts 
of it will be Right Lines, which is thus done. 


The Problem Gnomonically Delineated. 


1. Make the Angle LP equal to 52d. 40m. the Difference 
of Longitude. 

2. Make the Side PZ equal to the Tangent of 40 Degrees, 
the Complement of Lizard”s Latitude. 

3. And PL equal to the Tangent of 77 Degrees the Comple, 
ment of Barbadoes Latitude. 

4. Draw the Line LZ, which is the Great Circle's Diſtance 
between them, and continue it beyond Z. 

3. From P let fall the Peipendiculas PB, to cut LZ in B; 
which being meaſured on the Scale of Tangente, is 36d. 38m. 
the Complement of the Arch's greateſt Latitnde. 

6* Then draw Lines from P, each 10 Degrees diſtant from 
Z; as Pa, Pe, Pd, Pe, and Pf, which are Meridians, each 10 
Deg. of Longitude from the Lizard, and from each othgr. 

7. Meaſure Pa, Pc, &c. on the Scale of Tangente, and it 
ſheweth the Complements of the Latitudes of the Arch, at the 
reſpective Places, a, e, d, &c. 

Theſe are found by Calculation after this manner: 
Firſt. In the Rectangle Spheric Triangle PBZ ; there is 
1 Hypot. PZ god. om. Leg. BP. 
ven the - * PZB 684. 10m. 8 to find the nd BP7. 

W hic by. Chapter 5. Section 4. Problem 2, Caſes 4 and 6 of 
Spheric Trigonometry Rectangular, in pages 120 and 127, is thus, 

1. For the Leg PB, the Complement of the Arches greatel 
Latitude it's. thus ; | | | 

As the Radius is to the Sine Complement of the greateſt 
given Latitude; * 

So is the Sine of the Angle of Poſition (at that place) to the 
Sine Complement of the Arch's greateſt Latitude. That is, 
As Radius S. Hypot PZ :: S. Angle PZ B. S. Leg PB. 

As S. gcd **-D. 4 + COM. T 2 68d. IOm. ** 8. 36d. 38m. which 
being Subtracted from —— god. oom. 


Reſt the Arch's greateſt Latitude 53d. 221. 
2. For the Vertical Angle PBZ, it's thus ; 
As Radius, is to the Sine of the greateſt given Latitude; 


80 


2 MI 2 oy — — 


112 „ 


| $1 


| Chap. VIII. Great Circle-Sailing. 187 


So is the Tangent of the Angle of Poſition (at that Place,) to 

dhe Tangent of the Complement of the Vertical Angle: That is, 

As Radius · Sc. Hyp. PZ :: T. Angle PZB ++ Tec. Angle BPZ. 

As S. god, ** S. 50d. Om. :: T. 68d. 1om. T. 624, 23m. which 
being fubtracted from a god. oom. 


27d. 37m. 


Reſts the Vertical Angle BPZ. 


Secondly, to find the ſeveral Latitudes of the Arch at a, e, d, 
Sc. you may conſider, that the ſeveral prick'd Lines Pa, Pe, 
cc. are ſo many Hypotenuſes, to as many ſeveral Re&angle 
E Spheric Triangles, which have one common Leg PB, the Com- 
| plement of the Arch's greateſt Latitude. 

In each of them, there is given a Leg, and its adjacent An- 
gle, to find the Hypotenuſe ; that is, in the Triangle PBA, 
there is given the Leg PB, and Angle BPa; to find the Hy- 
potenuſe, Pa; and ſo in all the reſt. | 

And the ſeveral Vertical Angle BPa, BPc, BPd, c, are 
found by a continual Addition of 10 Degrees, to the Angle 
BP, 27d. 37m. till the Sum exceed not 80d. 17m. the Diffe- 


19 7 — of Longitude given, added to the foreſaid 27d. 37m. 
E Thatis ; | | 


| d. m. 
1 To the Angle BPZ 27.37 | Theſe Vertical Angles being 
g Add the Angle ZPa 10.00 | thus found, the ſeveral Lati- 
| | — N tudes of the Arch at a, c, d, e, 
BPa 37-37 | and f, are found by Chapter 5, 
BPc 47-37 | Section 4. Problem 3. Caſe 9, 
| Sum is the Ang. <q BPd 57:37 | of Spheric Trigonometry Rect- 
BPe 07.37 | angular, in pages 126 and 127, 
BPf 77-37 | the Proportion being the ſame as 


before, in Caſe 2. Problem 1, of this Chapter, in pages 175, 
188, and is as followeth. 


As Radius, is to the Sine Complement of the Vertical Angles : 


bo is the Tangent of the Arch's 


teſt Latitude, to the Tan- 


gent of the Arch's Latitude-required. Or thus ; 


As Radius SCc. BPA, BPcvc. :: Tc. Leg BP + Tc. Pa, Pe. &c. 


As 8. god. :; S. 52d. 23m. :: T. 53d. 22m. J. 46. 49 


2 | 
42d. 23m.- — 42.11 Ne 1 
32d.23m. 35-40 > Lat. of & d 1 
22d. 23m. 120 E 1 
I 2d. 23m. . - 10.05 t ö 


V hich Latitudes Place in the Table following. 


P l, Aces 
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ViPlaces Meri- Mer. Difference | Diff.) Courſes frem| Diſian | 
S Tati- dicnal Diff. | of Longi- place to | ces of 
Y tudes. Darts. Lat. tude. place, Places. 


d. m | Min, Min. [d. m. d. 


— ———— é w: — 


— 


d. m. Min. 


— — 2 — 


50.0013 474 


5 


— 


of 
Lat. 
d. m 
3187 287/90 or Goo 3.118 64 22 M 441 
4.38 
6.25 


45.49 


Z. 
a 
c 


42.112796 39100 or 50 S 56 55 WI 309 


55.400/2301 495119 or 600 S 50 29 WI 605 


——— 


27.071691 Goo or Goo] 8.395 44 32 WI 728 


— — — 


16.05] 978] 7i3jlo or so 5 40 05 W 865 


— — — — * ——— — — U—ñ—— ä'— i — — — 


4 
E 
1 


13 00 7871 191192 40 r 6 3.05]S 38 03 WI 235 
| The whole Diſtance ————— 3383 


391 — — 56d. 55m. a to c 


49 * 50d. 29m. c to d 

710 —— 44d. 32m. e d toe 

713 — 40d.ogm, \ e tof 
As 191 min,**160 min.:: T. 45d.**T.38d.08m, 


2. For the Diſtances the Proportion is 

As Sc. Courſe. . Diff. Lat, :: Radius. . Diſtance required. 

As S. 25d. 38m. 191 min. :: S. god. 441min. from Z to a 
33d. om. 278 | 


509 a to c 

39d. 31m. 385 605 e to d 
45d. 28m. ** 519 — — 728» from Ad to e 
49d. 55m. 662 — 865 e to f 


51d. 52m. 185..— 235 f to L 
Os is this third Problem ſufficiently explained in every Part 
of it 


Caſe 3. The third Kind; One Place in North Latitude, and the Y 


other in South Latitude, as for Example. 


Problem 4. Suppoſe Cape Cod in New England and Cape Bona . 
Eſperance : [demand the Angle of Poſition ? The Great Circles | 


Diſtance between them? The Latitude of the Arch at every 19 


Degrees Difference of Longitude ? the Courſe and Diſtance rim 
them according to Mercator? | The 


ftoL 
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The Latitude and Longitude of theſe Places ſuppoſed to be 
as follows; 


1 / D. M. = D. M. 
* Cape Cod } 135 10 5 a 7 45 W. 
1 Cape Bona Eſper. Lat. 34 25 8, | Longit I7 10 


Their Sum of Longitudes — 84 55 
In the Oblique Spheric Triangle PZD, Plate 7. Hg. 1. 

1. Z repreſents Cape Ced in the Latitude 42d. Iom. North. 
2. D repreſents Cape Bon. Eſper. in Latitude 34d. 25m. South. 
3. The Side PZ the Complement of the Latitude of C. Cod, 

47d. om. 
4. The Side PD the Diſtance of Cape BonEſperance, from the 
North Pole, or it's Latitude added to god. equal to 124d. 2 5m, 
5 The Ang. ZPD their Sum of Longitu 2 gp 55m. 
. PZD : od, 
7 PDZ : The Angle of Poſition at Cape 3 Bona Eſperance, 

8. The Side ZD the great Circles Diſtanee between them. 

For the Angles PZD, and PDZ, (by Chapter 5. Section 5. Pro- 
blem 9. Caſe 7. in Pages 133 and 1 34, the Proportions are theſe ; 
m. 


a d. m. 
Side PD 124 25 | The Angle DPZ 84 55 


f Side PZ 47 50 
f d. m. | The half of it is 42 27 
$ TheSum 172 15 The! Sum86 07 | Which ſubt. from 90 o 
The Diff. 76 35 The: Diff. 38 17 | Its Complement 47 33 
& |} As S. Sum ſides..S.itheirDiff.::T.c.iZPD.. T. Diff. Ang. req. 
2 As S. 86d. 07m. ** S. 38d. 17m. :: T. 47d. 33m. I. 34d. Iom. 
) C As S. 03d. 53m. **.S. 51d. 43m. — T. 85d. 29m. 
Added, giveth the greater Angle PZ D 119d. 30m. 
* | Subtracted, is the leſſer Angle PZD 51d. 19m. 
* 0 The Diſtance ZD is found (by Chapter 7. Section 2. Caſe 3. 
** 1] Problems. Of Geography) in Page 174. tobe 108d, 59m. or 
1 6539 Minutes. 


To find the Latitudes by which the Arch ſhall paſs, at each 
io Degrees Difference of Longitude from Z, reprelenting Cape 
Gd; deſcribe the Problem Stereographically on the Plane of the 
Equator, and then all the Meridians willbe right Circles. 

To delineate the Problem Stereographically, Plate 6. Fig, 3. 
1. Deſcribe the Primitive Circle and make the Angle DPZ 
4 <qual to 84d. 55m. the Sum of Longitudes by Chapter 5. Section 
. Problem 2. Caſe 2 (in Page 104) of Spheric Geometry, by 

drawing two Right Circles. es 
2. Make the Side PZ equal to the r ann of 47d. 5om. 
the Complement of the Latitude of Cape Cod. 


3. And 


—— tet, es — 3 ad —— ͤirfr· ee — 
1 < 


_ — —-—¼ — — — 
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2. And PD equal to the Half- Tangent of 124d. 25m. (the La. 
titude of Cape Bon Eſperance added to god.) by Chap. 5. Section 1, 
Prob. 6. Cafe 2. of Spheric Geometry, in Pages 108 and 10g. 

4. Then by Chapter 5. Section 1. Problem 4. of Spheric Geo. 


metry (in Pages 105 and 10) through Z and D draw a great 


Circle. | 
5. From (by Problem 5. of Spheric Geometry, in Page 100.) 
let fall the Perpendicular PB, to cut ZD in B; which being 


meaſured on the Scale of Half-Tangents, is 40d. o6m: the Com- 


plement of the Arch's greateſt Latitude. 
6. Then draw Lines from P, each 10d. Diſtant from Z; 28 
Pa, Pc, Pd, Pe, &c. which are Meridians each 10d. of 1 


tude from one another, and from the Meridian of Cape Cod. 


7. Meaſure Pa, Pe, &c. on the Scale of Half-Tangents, and 
it ſheweth the Complement of the Latitude's of the Arch at 


the reſpective Places a, c, d, &c. 


Theſe are found by Calculation after this manner, which 


is in all reſpects like the Work of the laſt Problem. 


Firſt. In the Rectangle Spheric Triangle PBZ. 
1. For the Leg BP, the Complement of the Arch's greateſt 
Latitude it's thus; | 
As Radius S. Hypot, PZ :: S. Angle PZB + S. Leg. PB. 
As S. god. S. 47d. 5om. :. S. 61d. 21m. S. 40d. obm: 
W hich ſubtract from — — god. oom. 


Reſts the Arch's greateſt Latitude 49d. 5m. 
2. For the Vertical Angle PZ it's thus; 

As Radius Sc. Hypot. PZ::T.Angle PZ B.. Tc. Angle BPZ 

As S. god. S. 42d. Iom. :: T. 61d. 21m. .. T. 49d. 13m. 


Which ſubtracted from god. oom. 
Reſt the Vertical Angle BPZ — 40d. 18m. 


Secondly, For the ſeveral Latitudes at a, c, d, &c. add 10d. 
to the Angle PBZ (in Continuation) eight Times which pro- 
duceth the feveral Vertical Angles, BPa, BPc, BPd, &c. 


m. | Theſe VerticalAngles being 

To the Angle BPZ 40.18 | thus found, the ſeveral Lati- 
Addthe Angle ZPa 10.00 | tudes of the Arch, at a, c, d, 
BPa 50. 18 fe, f, g, h, and i, are found 

B Pe 60.18 | by Chapter 5. Section 4. Pro- 

BP d 50.18 | blem 3. Caſeg. of SphericTri- 

| . BPe 80.18 | gonometry Redtangular ; the 
Sum is the Angle ( pp f 90. 18 ace being the ſame 
BP g1co.18 | as before in Caſe 2. Problem 

BPh110.18 | 1. of this Chapter, in Pages 


BP 1120.18 | 178 and 179, as follows. 


As 


ſame 
roblem 
Pages 
VS. 


Al 
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As the Radius, to the Sine Complement of the Vertical Angle; 
So is the Tangent of the Arch's greateſt Latitude, to the 
Tangent of the Arch's Latitude required. Or thus 


As Radius**Sc.BPa,BPc,oc. :: Tc. Leg BP Tc. Pa, Pe, Pd, &c. 


d. m. 
As S. god. S. 30d. 42m. :: T. 49d. 5 4m. T. 37.115 a 
29d. 42m.— 30.26 — C 
19d. 42m. — 21.49 3 | d 
cd. 42m. 11.19 = e 
ood. 18m. — 0. 21 A. I F 
10d. 18m = 11. 59 | 8 2 
20d. 18m. — — 22.23 — h 
30d. 18m. zo. 56 "os 


Thirdly, For the Courſes, and Diſtances, they are found by 


Chapter g. Section 3. Problem 2. of Mercator's Sailing, in 
Pages 87 and 88, as follows, 


For the Courſes, the Proportion is, 
Mer. Diff. Lat. Diff. Long. :: Radius ++ T. Courſe 


As 389 Min. Go Min.:: T. 45d. T. 55d. ogzm. SE. from Z to a 


485 —— 51d.,0qm. E toc 

578 — , 46d. om. c to d 

000 . 42d. 16m. n to e 

— x ̃ „ 

65⁵ Ad. 30m. g to h 
574 — — 4d. 16m. | h to 1 
| As 349 Min. 295 Min.:: T. . 45d, 9ꝙ m. 


Li toD 


2. For the Diſtances, the Proportion is 
As Sc. Courſe +» Diff. Lat. :: Radius +» Diſtance required. 
AS S. 32d. 57m. 299 m. :: S. 90 · 550 Min. from Z to a 


38d. 57m.“ 403 — 941 N ſa toc 
43d. 56m. 519 — 748 c to d 
400 44m. 630 — — 88587 d to . 
49d. 34m. 700 — 92O 0 
49d. 29m. 698 — = 018 > from + ftog 
47d. Zom.:* 624 — 847 g to h 
43d. 44m. 513 — 724 h to 1 
75d, 10m. 209 e 324 \ 1toD 


Which 


s 
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1 
Y 
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s; 

1 
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Places Meriſilſer. Difference D a a 
J Lati- |dian Diff. of Lon- of Latitude. from place of 

S| tude, Part Lat. gitude. to place. place 
. m. biin. lin. A. m. dm. m.] d. m. [Min 


* 


Z 142-10Nj2795] \ 


37.11 [2406] 389. or 600 4.59 or 2998 57.03 E 551} 


30.28 [1921] 485 10 or 600 6.43 or 4038 51.03 EI 641 


LEE 


21.49 [1343] 578]:0 or 600 8.39 or 519 


— — * * 


e [|11.19N| 683] 66010 or 600,10. 34 or 63008 42. 16 Ef 851 
f 


21 8 21 704jlo or 6011.40 or 70S 40.26 EI 9201 


Q 


11.59 | 724] 79310 or 6oo|11. 38 or 6988 40.31 E} 9! 


22.23 1379 655 Io Or 600) 0.24 or 6248 42. 30 El 847 


20.56 1953] 574/10 or boo 8.33 or 513 3 46.16 E 742 


D|34-25 12202] 24914, 55or 295] 3-29 or 20918 49.50 El 324 
The whole Diſtance is - — 65411 

Note; The Arch of a great Circle may be deſcribed on a 
Mercator's Chart, and thereby much of the Calculative Work? 
may be ſpared; for having the ſeveral Latitudes of rhe Arch at 
every 5 or 10 Degrees Difference of Longitude, (by Chapter 4. 
Sedion 1. Problem 1 and 2, of the Uſe of Mercator's Chart, in 
Pages 79 and 80, thoſe Places may be pricked down in the 
Chart, and then with a black Lead Pencil draw Lines from 
Place to Place, which will repreſent the Great Circle, and by 
Problems 3 and 4, of the Uſe of that Chart, in Page 80, the 
Courſes and Diſtances from each other may be found, and at 
any Time thoſe Lines may be wiped out, and the Chart as fit to 
ſerve at any other Time as before. | g 
So that any Problem being thus drawn, in a Mercator”s Cart, 
the nearer the Ship fails to it; the nearer to a Great Circle ſne 
makes her Way good, and conſequently the ſhorter her Paſſage # 
the only Thing Great Grrcle Sailing is uſeful for, of which I have 
ſaid enough to explain it. 'F 

Thus is finiſhed the Third Part of Navigation, or the third; 
Kind of Sailing, and now we pals on to Aſtronomy. 1 | 

| C P. 
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CHAP. IX. Spheric Trigonometry applied in ſundry Aſ- 


tronomical Problems, aſeful in the Art of Navigation. 


Hat a Sphere or Globe is, and the Circles generally drawn 
W on it, hath been 5 (Chapter 6. Sections 2 and 3.) in 
the Deſcription of both Globes: But how theſe are drawn on 
a Plane, and form divers Triangles, from whence Multitudes of 
uſeful and pleaſant Problems may be framed, is our preſent Work, 


Section I. Aſtronomical Definitions. 


* Circles drawn upon the Sphere's Surface, are either 
Great or Leſſer Circles. 
I. The Great Circles, and their Poles deſcribed. 

Great Circles, are thoſe which divide the Globe, or Sphere into 


13 equal Parts, and are principally theſe ſix; the Equinoctial, E- 


| : cliptic, Meridian, Horizon, Azimuth, and Circle of Longitude, 


1. The Eguinocti al is a Great Circle which lies in the Middle, 


between the two Poles of the World, and conſequently each Pole 
js go Degrees diſtant from it, cutting all Meridians at Right Angles, 
and divides the World into the Northern and Southern Hemiſ- 
| pheres, as the Right Circle AAQ. Plate 7. Fig. 1 and 2. 


The Poles of the World are two fixed Points in the Hea- 


vens „ diametrically oppoſite to each other, the one in the 
' Northern Hemiſphere, called the (Artic or North Pole, the 


other in the South Hemiſphere, called the (Antartic or) South 


C Pole as P and I. Plate 7. Fig. 1 and 2. 


The Axis of the World, is an imaginary Line drawn from. 


. Pole to Pole, about which the Diurnal Motion (as ſuppoſed) 
from Eaſt to Weſt is performed; as PAT. 


2. The Ecliptic (is a great Circle) crofling the Equinoctial in 


(two oppoſite Points,) the Beginning of Aries and Libra, 
making an (Angle called its Obliquity) of 23d. zom. as the 
© Right Circle; by S A M Plate 7. Fig. 1. 

This Circle is divided into twelve equal Parts called Signs, 
each containing 30d. whoſe Names and Characters follow. 


| fries Y Libra & 

Taurus & | Scorpio m 

| Gemini 1 . 

| insane Northern Signs 3 SouthernSigns 
To AQ Aquarius & iy 


Virgo w J - Piſces ** 


The Zodiac, is a Zone or Girdle, having eight Degrees of 
Latitude on each Side the Ecliptig ; in which Space, the Pla- 
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nets make their Revolutions, being divided and diſtinguiſhed 


by the twelve Signs. 

The Poles of the Ecliptic, are two oppoſite Points 23d. 3om, 
diſtant from the Poles of the World ; as K and L. 

The Meridians (are Great Circles) paſſing through both 
Poles of the World, and croſſeth the Equinoctial at Right An- 
gles, as PI, and PMI, &c. Plate 7. Fig. 1 and 2. 

The Colures are two Meridians dividing the Equinoctial and 
Ecliptic into four equal Parts; one of theſe paſſeth by the Equi- 
noctial Points, Aries and Libra, and is called the Equino&ial 
Colure, as P AI. Plate 7. Fig. 1and 2. . 

The other paſſeth by the Beginning of Cancer and Capricorn, 
and is ealled the Solſtitial Colure; as P EI V Q. Plate 7. 
Fig. 1. 

he Sun's Meridian, is that Meridian which paſſeth over the 
Sun's Center. 

A Star's Meridian, is that Meridian which paſſeth through 
the Middle of that Star. | 

4. The Horizon is a Great Circle of 9o Degrees diſtant from 
the Zenith and Nadir, cutting all Azimuths, at Right Angles, and 
dividing the World into two equal Parts, the upper and viſible 
Hemiſphere, and the lower and inviſible Hemiſphere. This Cir- 
cle is repreſented by the Right Circle SAB. Plate 7. Fig. 2. 

The Zenith and Nadir are two Points diametrically oppoſite, 
and are the Poles of the Horizon: The Zenith is the Vertical 
Point, or Point right over our Heads as Z : The Nadir is di- 
rectly oppoſite thereto, as N. Plate 7. Fig. 2. 

5. The Azimuth, or Vertical Circles, (are great Circles) con- 


curring and interſecting each other in the Zenith and Nadir, 


and croſs the Horizon at Right Angles, as ZCN, and ZAN, &c. 

The Prime Vertical, is that Azimuth Circle, which paſſeth 
through the Eaſt and Weſt Points of the Horizon, as the Right 
Circle ZAN. . 

The Meridian of a Place, is that Meridian which paſſeth 
through the Poles of the World, and the Zenith and Nadir of 
the ſaid Place, as ZPBNIS AZ. Plate 7. Fig. 2. 

6. Circles of Longitude, (are great Circles) interſecting each 
other in the Poles of the Ecliptic, as KAL, and KUL, Plate 


7. Figure 1, 
II. The Lefſer Circles defined. 
Leſſer ar Small Circles, are thoſe which divide the Sphere 


Into two equal Parts, and are drawn parallel to ſome Great 


Circle, and therefore are called Parallel Circle ; and are of three 


Kinds, viz. Parallels of Declination, Parallels of Latitude, and 


Parallels of Altitude. 


1. Paral- 


e 


4 
| 
1 
* 
$f 
7 
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1. Parallels of Declination, (are ſmall Circles) parallel to 
the Equinoctial, imagined to paſs through every Degree and 
Minute of the Meridian, between the Equinoctial and each Pole 
of the World, as S fg, and g hi. Plate 7. Fig. 1 and 2. 

The Tropicks are two Parallels of Declination 23d. 3om. dif. 
tant from the Equinoctial, limiting the Sun's greateſt Declination. 

The North Tropic, paſſeth by the Beginning of Cancer, and is 
called the Tropic of Cancer; as Sf g. Plate 7. Fig. 1 and 2. 

The South Tropic, paſſeth by the Beginning of Capricorn, 
and is called the Tropic of Capricorn; as by hi. Plate 7. H. 
gure 1 and 2, 

The Polar Circles are two Parallels of Declination 66d 3om 
diſtant from the Equinoctial, and 23d. 30m. from each Pole of 
the World. | e 

That which is adjacent to the North Pole is called the Artic 
Circle; as Kno; and the other the Antartic Circle; as Lpr. 
Plate 7. Fig. 1 and 2. 

2. Parallels of Latitude are (Small Circles) parallel to the 
Ecliptic, imagined to paſs through every Degree and Minute of 
the Colures, between the Ecliptic and the Poles thereof, as wxy. 
3. Almicanters, or Parallels of Altitude, are ſmall Circles 
parallel to the Horizon, imagin'd to paſs through every Degree 
and Minute of the Meridian, between the Horizon and the 
Zenith; as alt. Plat. 7. Fig. 2. 
11 Theſe Definitions compar'd with Chap. 6. Sect. 4. (of the 
. U* of the Celeſtial Globe, in Pages 155 and 156) and well 
| * will make way for the underſtanding the following 
Problems. 


r rc 
RA 1 <D e 
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Sect. II. Spheric Trigonometry Rectangular, applied in Mono- 
F mical Problems, uſeful in Navigation. 

k AZ D becauſe the Sun's Place in the Ecliptic, is the Ground 
of the ſucceeding Problems, you have here (out of Mr. 
| Tho, Street's Memorial Verſes on the Eccleſiaſtical and Civil Ca- 
lendar) a General Rule; which for common Ufes may ſerve, 
and is as follows: 


1. To know the Day of the Month the Sun entereth any of the 
Twelve Signs. 
The Rule, Twice 9, twice 10, 4 Twelves, 11; 
| Then 10, then 9, then 8 or 7. 
here That is, counting March the firſt Month, the Sun enters 


zreat March 9 W July” I2 Þ November 11 
three & April 9 mW Auguſt 12 ws December 10 

and! H May 10 uw September 12 , January 9 
4 june 10 m October 12 K February 8 


N 2 2. To 
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2. To find the Degree of the Sun's Place on any given Day. 
The Rule. From the Day of the Month given (it you can) ſub. 


tract the Day of his Entrance into the Sign of that Month the R.. . 
mainder is the Degree of the Sun's Place in that Sign. Orelſe, |? 
When you can't ſubtract, add 30 to the Day given, and from : 


the Sum ſubtract the Day of the Entrance in the Sign of that 
Month, the Remainder ſhall be the Degree of his Place in the 


Sign preceding the Month given. 
Example 1. March 20th, I deſire to know the Sun's Place? 


2 

a 

From March the 2oth, the Day given, ſubtract the Sun's Eu- , 
trance Y March 9. F 


The Remainder 11 is the Degree of the Sun's Place in Y 
Example 2. May the 4th, I deſire to know the Sun's Place? 
To the Day given May the 4th. 


| Add eee 
| Sum 1s 34 from which 
Subtract the Sun's Entr. into IT May 10 = 
| Remainder is the Sun's Place & —— 24 Degrees. | 3 
Prohlemi. The Sun's Place in the Ecliptic, and his greateſtDeclinz. ; 
tion given; to findhis Right Aſcenſion, and preſent Declination. * 


Definition 1. Aſcenſion, is the Riſing of the Sun, Star or any 

| Part of the Equinoctial above the Horizon; and Deſcention is Þ A 
| the Setting thereof. Ba. 
| 2. Right 2 is an Arch of the Equinoctial, intercept- of 

| ed between the Beginning of V and any Meridian, and count. 
ed according to the Order or Succeſſion of the Signs; or it's W 
that Degree and Minute of the Equinoctial (counted as before) F 
* which cometh to the Meridian with the Sun, Star or with ary 1 


Part of the Ecliptic ; as AM. Plate 7. Fig. 1. | J. 
3. Declination, is an Arch of a Meridian contained between 
the Sun, or Star's Center, and the EquinoCtial, as MC. © ſt 


4- The Sun's greateſt Declination is an Arch of the Solſti- W 
tial Colure, counted between the Equinoctial and the Ecliptic, i Eq 


and is 23d..30m. as A S, and Q. yp Plate 7. Fig. 1. | fro: 
Example. The Sun in Taurus, 24d. 15m. I demand his Right I As 

Aſcenſien and Declination. As! 
In the Rectangle Spheric Triangle AMC. Plate 7. Fig. 1. W A 
1. AMC the Right Angle. | whe 
2. AC the Sun's Longitude from the next Equinoctial Point. W & 
3. AM his Right Aſcenſion from the ſame Point. MG 
4. MAC the Sun's greateſt Declination equal to 23d. 30m WW m 
5. MC his prefent Declination aw 0 


Note, The Sun in V, J, II, , zr, M, the neareſt Equi fro 
noctial Point is the Beginning of V; But when the Sun is in I fro 
S, o, m, , m or 7, the neareſt Equinoctial Point is * > 

dect 
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So that in this Problem the Sun being in N, 24d. 15m. he 
is 54d. 15m. from the neareſt Equinoctial Point V, 
To proje& this Problem Stereographically on the Plain of 
the Solſtitial Colure. | 
1. Deſcribe the Primitive Circle with a Chord of 60 Degrees, 
and quarter it, with two Right Circles, AQ (the Equinoctial) 
aud PAI (the Equinoctial Colure) placing A at the Center of 
that Primitive Circle, which now is the Solſtitial Colure. 
2. Make (by Problem 2. Caſe 1. of Spheric Geometry, in 
Page 104). the Angle EA S, equal to 23d. 3om. (the Sun's 
greateſt Declination) by laying the Chord of it, from A to 
1 8 „ and drawing the Right Circle S A ye the Ecliptic. 
23. The Ecliptic is divided into the 12 Signs, each being 3od. 
from the Scale of Half-Tangents by Problem 6. Caſe 2. of 
' Spheric Geometry in Pages 108 and 1 og. 
4 On the Ecliptic make AC equal to 54d. 15, from the Scale 
or Half-Tangents by the ſame Problem 6. Caſe 2. 
F. Then (by Chapter 5. Section 1. Problem 5. Caſe 3. of Sphe- 
ric Geometry in Page 106, draw from & a great Circle per- 
pendicular to AQ, as is the Oblique Circle PC MI, to cut 
| AAQin M, and its done. | 
For in the Rectangle Spheric Triangle AMC, the Legs 
AM, and MC are the two Things required, and may be 
meaſured by Chapter 5, Section 1. Problem 7. Cafes 2 and 3. 
e Spheric Geometry in Page 109. 
But by Spherio Trigonometry, having the Hypotenuſe and 
one Angle given, the Proportions are as follow. 
e) 7. To find the Sun's Right Aſcenſion, by Chapter 5. Section 
) 4. Problem 2. Caſe 5. of Spheric Trigonometry Rectangular, in 
Pages 104 and 105, it's thus; 
en As the Radius is to the Sine Complement of the Sun's great- 
| eſt Declination; | | 
So is the Tangent to the Sun's Longitude from the neareſt 
Equinoctial Point, to the Tangent of his Right Aſcenſion 
from the ſaid Point. Or thus; 
As Radius ++ Sc. Angle MAC :: T. Hypot. AC ++ T. Leg. AM. 
As S. god. S. 66d. Zom. :: T. 54d. 15m. T. 51d. 52m. 
Note; This Proportion finds the Sun's Right Aſcenſion only 
| when he is in the firſt Quarter of the Ecliptic ; that is, in V, 
N, or, IT: But when the Sun is in the ſecond Quarter S g, 
or n, it muft be ſubtracted from 180d. and when he is in =. 
m or , it muſt be added to 180d. and in the laſt Quarter vp 
„ Sor X that found by this Proportion, muſt be ſubtracted 
dul? from 360d. and ſo will you have the Sun's Right Aſcenſion 
1512 from V, (for any Place in the Ecliptic) deſired. 
>. 2. To find the Sun's preſent Declination, by Chapter 5.- 
ction 4. Problem 2. Caſe 4. of- Spheric Trigenometry Rectan- 
gular, in Page 104, it's thus; | As 
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As the Radius is to the Sine of the Sun's Longitude from 
the neareſt Equinoctial Point; 
So is the Sine of his greateſt Declination, to the Sine of 
the Sun's preſent Declination. Or thus; | 
As Radius ** S, 1 AG:. S. Angle MAC ++ S. Leg. CM. 
4 


As S. god. . S. 54d. 1 m. :: S. 23d. om. . S. 18d. 51m, 
Note; The Sunbeing in any of the North Signs, V, &, I, S 
S or mn, his Declination is North; but when in any of the South. 
ern Signs , M, P, W, , or , his Declination is South. 
In this Rectangle Spheric Triangle AMC (Plate 7. Fgure 1.) 
may the two next ſucceeding Problems be reſolved. 


Pre blem 2. The Sun's Right Aſcenſion given; to find his place 
in the Ecliptic, and his Declination? 
Example. The Sun's Right Aſcenſion 128d. gm. where ig his 
Place in the Eeliptic, and what is his Declination? 

Fere 1s one Leg and its adjacent Angle given : to wit, the 
Leg AM 519d. 51m. the Right Aſcenſion (ſubtracted from 180d. 
and Angle MAC 23d. 3om. the Sun's greateſt Declination; 
which Triangle is made by Problem 12. of Spheric Trigonume- 
try Geometrical in page 112. and its Solution is by Chapter 5, 
Section 4. Problem 3. Caſes 7, &, and g. of Spheric Trigenametry 
Rectangular. in Pages 127, and 128, thus; 

1. For the Sun's Place in the Ecliptic, it's thus; 
T. Leg. AM Radius:: S. c. Angle MAC ++ T. c. Hipot. AC or 
As Radius S. c. Ang. MA:: T. c. Leg. AM T. c. Hipot. AC req. 
As S. god. 8. 66d, 30m, :; T. 38d. 0gm. *+ T. 35d. 46m. 


Which ſubtract from 

Reſteth the Sun's Longitude - 
ing of & ſo that his Place is 5d. 46m. in SN. 

| 2. For his preſent Declination, it's thus; 
As T. c. Angle MAC Radius:: S. Leg. AM T. Leg MG. O 
As Radius S8. Leg. AM :: T. Angle MAC . T. Leg. MC. 
S. god, ** S. 51d. 51m. f: T. 23d, 3om. T. 18d. 52m. the 
Suns Declination North decreaſing. | 


god. oom. 
54d. 14m. want. 


Problem 3. The Sun's Dee lination given; to find his Place in 
the Ecliptic and Right Aſcenſion. | 


Example. The Sun's Declination 16d. 39m, South increaſing : 1 
demand his Place in the Ecliptie and Right Aſcenſion. 
Here is a Leg and it's oppoſite Angle given; that is the Angle 
MAC 23d, 3om. the Sun's greateſt Declination, and the Leg MC 
10d. 39m. his preſentDeclination, which Triangle is made by Pro- 
lem Ig. of SphericTrigonometryGeometrical, in page 116, whoſe 
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Solution is by Chap, 5. Sect. 4. Prob. 4. Caſes 1 o and 12. of Sphe. 
rical Trigonometry Rectangular, in Pages 128 and 119, thus; 
I. To find his Place in the Fcliptrc, it's thus; 


As 8. Angle MAC ++ Radins :: S. Leg. MC + S. Hipot. AC 


As S. 23d. . S. god. :: S. 16d. 39m, . S. 45d. 56m. the 
Sun's Longitude beyond , becauſe his Declination is South 
increaſing ; ſo that the Sun's Place is 15d. 56m. in m. 

2. For his Right Aſcenſion it's thus ; 
Radius T. c. Angle MAC :: T. Leg. M:: S. Leg. AM, 
T. 45d T. 66d. 3om. :: T. 16d. 39m. ** S. 43d. zym. 
10 which add — 180d. oom. 


- 


The Sum is the Sun's Right Aſcenſion 223d, 27m. from V. 
Problem 4. The Latitude of a Place, and the Sun's Declination 
given ; to find his Amplitude and Aſcenſional Difference. 

Definition 1. Latitude of a Place, or Latitude upon the Earth, 
is an Arch of the Meridian of that Place, contained between the 
Zenith (of that Place) and the Equinoctial, as Z; equal 
thereunto is the Height of the Pole above the Horizon, as BP 
Plate 7. Fig, 2. 

2. Amplitude, is an Arch of the Horizon, eontained between 
the Ecliptic and the Equinoctial, and ſheweth how far the Sun, 
or any Star riſetk, or ſetteth from the Eaft or Weſt Points of 
the Horizon; as AR, Plate 7. Fig. 2. 

3. Aſcenfienal Difference, is the Difference between the 
Right Aſcenſion, and the Oblique Aſcenſion, or Deſcenſion: 
Or it's an Arch of the Equinoctial contained between the Hour 
Circle of ſix o' Clock, and that Meridian which paſſeth by the 


Sun or Star's Center, or any Point of the Ecliptic, in their 
riſing, or in their Setting. 


4. Oblique ] AM : is an Arch of the Equinoctial, contain- 
ed between the beginning of V, and that Part of the Equinoctial 
that tor J with the Center of the Sun or Star, or with 


any Point, Part, or Portion of the Echptic, in an Oblique Sphere. 


12 . Example 3 
Latitude 51 32 ee % Amplitude, 
Bun's Dec. 8 by: North given ; what is his Aſcenſ. Differ. 


In the Rectangle Spheric Triangle PBR, Plate 7, Fig. 2. 

I, PBR the Rectangle. ES 

2. PB the Latitude, or Height of the Pole above the Horizon, 

3. PR the Complement of the Sun's Declination. 

4. BR the Complement of the Sun's Amplitude. 

BPR the Gomplement of the Sun's Aſcenſional Difference. 

To project it Stereographically on the Plain of the Meridian. 
5 | N 4 4. The 


—— 
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1. The Primitive Circle being deſcribed and quartered as (for- 
merly) with two Right Circles SAB the Horizon, and (ZAN) 4 
the Prime Vertical; with A at it's Center. Plate 7. Fig. 2. 3 

2. On the Primitive Circle lay the Latitude 51d, 32m. from ? 
B to P, and from Z to , (by Problem 6. Caſe 1. of Spheric | 
Geometry, in page 116) and draw the two Right Circles PAL 
for the Axis of the World, and Hour-Circle of Six, and AQ 
the Equinoctial. | 

3. Then (by Problem 9. Cafe 2. of Spheric Geometry, in | 
page 112) draw S © If Rg parallel to MAQ at 23d. zom. J 
the given Declination) from it, to cut the Horizon SAB in R, 4 
the Place of the Sun's Riling and Setting. 3 

4, Through. P, R, I, draw an Oblique Circle and it's done: E: 

For in the Rectangle 0 Triangle PBR. the Leg. BR, and 
Angle BPR are the two Things required, and may be meaſured 
byy? oblems 7 and 8, of Spheric Geometry, in pages 107, 109, 

and 110, oy 

But by Trigonometry, having the Hypctenuſe PR 66d. ZJom, | ; 
and Leg BP 51d. 32m, given, the Proportions by Chap. 5. * 
Section 4. Problem 1. Caſes 1. and 3 of Spheric Trigonometry 
Rectangular in pages 125 and 126 is thus: 


\ EY 


1. To find the S's Amplitude, the Proportion is, B 
As the Sine Complement of the Latitude, is to the Radius, 1 J 


So is the Sine of the Ss Declination, to the Sine of his _ *# 
Amplitude, Or thus ; 
As S. c. Leg BP. Radius:: S. c. Hyp, PR. S. c. Leg. BR. 
As 8, 38d, 28m, ** S. god. :: S. 23d. 3om. © S. 39d. 52m. = 0 
Note, The Amplitude and Declination are ever of one Name a 
that is, both North, or both South. * 


2. To find the Aſcenfional Difference, the Proportion is; 
As the Radius, is to the Tangent of the Latitude ; 


So is the Tangent of the Sun's Declination to the Sine of 


the Sun's Aſcenſional Difference. Or thus; 9 
As Radius ++ T. Leg BP. :: T. c. Hyp. PR S. c. Angle BPR, 1 
As T. 45d. T. 51d. 32m. :: T. 23d. 3om. ** S. 33d. 1IIim. 
the Sun's Aſcenſional Difference. | 01 
W 01 


Problem 5. The Latitude of a'Place, and the Sun's Declination ſe 
given; to find the Oblique Aſcenſion ur Deſcenſion. = 
The Rule, 1. Find the Right Aſcenſion by Problem 3. and 
the Aſcenſional Difference by Problem 4, Then, 
| 2. When the Latitude and Declination are both North, or 
i both South, the Aſcenſional Difference added to, and ſubtract- 
| ; ed from the Sun's Right Aſcenſion, the firſt is the Oblique 
Deſcenlion, the latter the Oblique Aſcenſion. | 


3. Whey 


n 
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3- When the Latitude and Declination is one North, and 
the other South, add, and ſubtract as before; the firſt is the 
Oblique Aſcenſion, and the latter is the Oblique Deſcenſion. 

Note, When you cannot ſubſtract, add 360 Degrees to the 
Right Aſcenſion, and then ſubtya&t, alſo when you have added, 


if the Sum exceed 300 Degrees, ſubtract 360 Degrees there-. 


from, _ Remain 1. is the Thing required. 
Example. Latit. 51 d. 32m. North : , 
Sun's Declin. 150 Fong South decreaſing $50» what ic 
his Oblique Aſcenſion, and Deſcenſion ? 
1. For his Right Aſcenſion it's thus; 
As Radius T. c. Angle MAC :: T. LegMC..S. Leg AM req. 
As T. 45d. T. 66d, 20m. :: T. 15d. 40m... S. 40d. oq4m- 
Which ſubtracted from 360d. oom. 


Remainder is the Sun's Right Aſcenſion 319. 50 from 
2. For his Aſcenſional Difference, it's thus; 
As Radius. F. Latitude: : T. Declin. .. S. © Aſcenſional Dif. 


E As T. 45d... T. 51 l. 32m. :: T. 15d. 40m. . . S. 20 41 


Right Aſcenſion before found 319 56 from Y. 
Added is the Oblique Deſcenſion ——— 340 37 
Subtracted is the Oblique Aſcenſion - = 209 15 


Problem 6. The Latitude and the Sun's Declination given; to find | 


the Sun's Riſing and Setting; and the Length of the Day or Night? 
The Rule. 1. Find the Sun's Aſcenſional Difference by Pro- 


blem 4. in Pages 200, and 201, which reduced into Time, by 


allowing as herevncer, 


1 5d. oom. 1.— Hour 8 
1d, com. for o. o4 Minutes > of Time; 
od. I 5m. O. 01 Minute 


2. The Sun's Aſcenſional Difference (being reduced into 
Hours and Minutes) added to, and ſubtracted from ſix Hours, 


the one zs Sun Riſmg and the other is his 8 


Note, When tte Latitude, and Declination are both North 


or both South; the Sun riſes before, or ſets after Six. But if 


ö one be North, and the other South; he then riſes after, and 
| ſets be fore Six of the Clock. 


3. Double the Time of the Sun- Setting gives the Length of 


the Day, alſo double the Time of Sun-Riſing gives the Length 
Jof the Night. | 5 a 


Example, In Latitude 51d. 32m. North, and the Sun's De- 


clination 23d. 3em. North; the Sun's Aſcenſional Difference, 
Problem 4. is 33d. 11m. equal in Time to 2 Hours 13 Minutes. 
| Therefore the Work is as follows, e 
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Trigonometry Rectangular in Pages 128 and 129, in this Manner. 
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| d. m. 6 Hours, 
Aſcen. Diff. 33.11. Or 2 13 | h. m. 
Add, is Sun-ſetting 8 13 And Length of the Day 16 26 
Subtract, is Sun-Rifing 3 47 And Length of the Night 7. 

In the ſame Rectangle Spheric Triangle PBR . 7. Fig. 2.) 
may the five next following Problems be reſolved; which is 
for the Learner's Exerciſe. | 


Problem 7. Latitude of a Place, and the Sun's Aſcenſional Dif. 
ference given ; to find his Declination and Amplitude. 


Latitude — 41d. 47m. South, 
Example, The Sun ſetteth at 7d. zom. 

Here is a Leg and its adjacent Angle glven ; that is, che Leg 
BP 41d. 47m. the Latitude, and the Angle BPR 4h. 3oim. or 
67d, 3om. the Complement of the Sun's Aſcenſional Difference; 
which Triangle is made by Prob. 12. of Spheric Trigonometry 


Geometrical, in Page 116, and for its Solution, fee Chapter 5, 


Section 4. Problem 3. Caſes 8 and 9. of Spheric Trigonometry 
Rectangular, in Pages 127 and 128, is thus; 
1. For the Sun's Declination, its thus; 

As Radius S. © Alc. Diff. :: T. c. Latitude · T. © Decl. req, 
As S. god. S. 22d. 30m. :: T. 48d. 1 zm. T. 23d. Im. N. 
2. For the Sun's Amplitude, its thus; 

As T. O Aſc. Diff. Radius:: S. Latitude T. c. O Ampli. Or 

As S. Latitude Radius:: T, © Aſc, Diff. T. © Amplit. 
As S. 41d. 47m. ** S. god. :: T. 22d. 3om. + T. 31d, 52m. N. 


Problem 8. Latitude and Sun's Amplitude given; to find his 
Declination and Aſcenſional Difference. 


nS>S DD aa 


Latitude ——— 36d. 17m. North, 
Example. The Sun's Altitude --- Iod. 11m. South. 

Here are both the Legs given; that is the Leg Sl 36d. 17m, 
the Latitude, and the Leg SR 70d. 49m. the Complement of 
the Sun's Amplitude; which Triangle is made by Problem 1 4. of 
Spheric Trigonometry Geometrical, in page 117. and its Solution 
is by Chapter 5. Section 4. Problem 5. Caſes 13 and I 4. of Spheric 


| I. For the Sun's Declination, thus; 
As Radius ·· S. c. Latitude :: S. © Amplit. -* S. © Declinat. req. 
As S. god, ** S. 53d. 43m- :: S. 19d. II m. S. 15d. 21m. South. 
2. For his Aſcenſional Difference, it's thus; 1 
As T. c. © Am. Radius :: S. Latitude ++ T. © Aſc. Diff. Or, 
As Radius . 8. Lat. :: T. © Amplit. T. O Aſc, Diff. 5 
As 90 deg. 8. 3617: T. 19d, 11m. T. 119, 38m. or Oh. 47m. 


P 7 1 8 b 
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Problem 9. The Sun's Declination, and Amplitude given; 
to find the Latitude and Sun's Aſcenſional Difference. 


». CF Declination od. 10m. South. 

Example, The Sun's 1 * Zom, South. 
Here is the e , and one Leg given; for which ſee 
Problem 10. of Spheric Trigonometry Geometrical, in Page 114 
and Chapter 5. Section 4. Problem 1, Caſes 2. and 3 of Spheric Tri- 
* gonometry Rectangular, in Pages 125 and 126, for its Solution. 
A Note ; The Latitude may be either North or South, in this 
Problem. Wt 
Problem 10. Sun's Declination, and Aſcenſional Difference 4%] 
given; to find the Latitude, and his Amplitude. Ka 


Declination 23d. 3om. South. 

| Setting at — Zh. 3om. 

Here is the gg and one Angle given; for which ſee 
Problem 11. of Spheric Trigonometry Geometrical, in Pages 10g 
and 110, and Chapter 5. Section 4. Problem 2. Caſes 4 and 5. of 1 
Spheric Trigonometry Rectangular, in Pages 1 26 and 127, For Fs 
its Solution. 3 

| Problem 11. Sun's Amplitude, and Aſcenſional Difference gi- 4 

= ven ; to find the Latitude and his Declination. Fi 


Example. Sun's 


„ Amplitude 33d. 20m. North. 1 
Here is one Leg, and it's oppoſite Angle given, for which 
ſee Problem 13. of Spheric Trigonometry Geometrical, in Page 
126, and Chapter 5. Section 4. Problem 4. Caſes 10 and 12. of 
| Spheric Trigonometry Rectangular, in Pages 128 and 129- For 

the Proportions, h 


Problem 12. The Latitude of a Place, and the Sun's Declinati- 


of | ö on given; to find his Altitude, and Azimuth at the Hour of Six. 
f | Definition. 1. Altitude is an Arch of an Azimuth Circle con- 
10” | tainedbetween the Horizon and any Parallel of Altitude; as bf. 
TY Plate 7. Fig. 2 
855 Plate 7. Fig. 2. 


2. Azimuth, is an Arch of the Horizon, contained between 
the Meridian of the Place, and any Azimuth Circle. Or con- 
tained between the Prime Vertical and any other Azimuth Cir- 


cle ; as Ab. Plate 7. Fig. 2. 
Example. The 3 Latitude 3 224 3 5 North. 


Sun's Declination 
Note ; At ſix of the Clock the Sun is upon the Axis PAI. 
In the Rectangle Spheric Triangle Abf (Plate 7. Fig. 2.) is to 

be noted, —  3,AÞ 
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t. Abf the Rectangle. 

2. bAf the Latitude of the Place. 

3. Af the Sun's Declination, of the ſame Name with the Lat. 

4. b f the Sun's Altitude at the Hour of 6. 

5. Ab the Sun's Azimuth from the Eaſt at ſix in the Morn- 
ing, and from the Weſt at ſix Afternoon: Northerly in North 
Latitudes, but Soutkerly in South Latitudes. 

To project it Stereographically on the Plain of the Meridian. 

1. Having deſcribed the Primitive Circle, quarter'd it, drawn 
the Axis of the World PAI, the Equinoctial O, and the 
Parallel of Declination S OIf Rg; as before directed in 
Problem 4. of this Chapter, in Pages 199 and 200. 

2. Through f (where the Parallel of Declination cutteth the 
Axis PAI) draw an Oblique Circle perpendicular to the Hori- 
zon SAB (by Problem 5. Caſe 3. of Spheric Geometry, in Papes 
106 and 107) as is the Azimuth Circle Zf b N. to cut SAB in 
b, which form the Rectangle Triangle A bf and it's done. 

For the Leg A b, the Sun's Azimuth, and the Leg bf the 
Sun's Altitude at 6 of the Clock, are the two things required, 
and are meaſured by Problem 7. Caſes 2. and 3. of Spheric Ceo- 
metry, in Pages 109 and 110. 

But by Spheric Trigonemetry, Having the Hypotenuſe and one 
Angle given, that is Af, 23d. 3om. the Sun's Declination, and 
b Af 51d. 32m. the Latitude; the Leg b f the Sun's Altitude, 
and Leg Ab his Azimuth at ſix of the Clock; are found by 
Chapter 5. Section 4. Problem 2. Caſes 4 and 5. of Spheric Tri- 
gonometry Rectangular, in Pages 126 and 127. 

1. To find the Sun's Altitude at fix, the Proportion is ; 
As the Radius, is to the Sine of the Latitude; ſo is the Sine 
of the Sun's Declination, to the Sine of the Sun's Altitude, at 
the Hour of ſix. Or thus; 
As Radius. S. Angle bAf :: S. Hypot. Af. S. Leg bf. 
As S. god, . S. 51d. 32m. :: S. 23d, 3om. + S. 18d. 12m. 

2. To find the Sun's Azimuth, the Proportion by the afore- 
ſaid Problem is ; 

As the Radius, is to the Sine Complement of the Latitude ; 
ſo is the Tangent of the Sun's Declination, to the Tangent of 
the Sun's Azimuth from the Eaſt or Weſt, at the Hour of fix. 
Or thus; | 48 1 
As Radius . S. c. Angle bAf :: T. Hypot. Af · T. Leg Ab. 
As S. god. S. 38d. 28m. :: T. 23d. 3om.** T. 15d. o8m. 

That is; | 
At ſix in the Morning the Sun is E. 1 5d. o8m. N. or near upon 


the ENE3 E. Point of the Compaſs. And at fix Afternoon he 


is nearly upon the WNW 2? W. Point of the Compaſs. 
In the ſame Triangle Abf (Plate 7. Fig. 2.) may be reſolved the 
five Problems next following; to exerciſe the young E — 
| : voblem. 
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Problem 13. The Latitude and Sun's Altitude at the Hour of 
Six given; to find his Declination and Azimuth. 


Latitude ——— 35d. 20m. South. | 
Example. They Sun's Altitude gd. 50m. PM. 


Here is one Leg and its oppoſite Angle given; that is, the 
Leg bf 9d. 5om. the Sun's Altitude, and the Angle b A f, 35d. 
20m. the Latitude ; which Triangle is made by Problem 13. of 


Spheric Trigonometry Geometrical in page 126; and for its So- 
lution, ſee Cha 


pages 128 and 129. And it's thus 
1. For the Sun's Declination, the Proportion is; 
As S. Latitude Radius:: S. © Alt. at 6. . S. © Declin. requi. 


As S. 35d. 20m. ** S. god. :: S. d. om. S. 17d. 1om. South. 
2. For the Sun's Azimuth at 6, the Proportion is; 


As Radius Tc, Latitude: : T. © Alt. at 6. S. O's Azim. req. 
As T. 45d. T. 54d. 40m. :: T. gd. om. S. 14d. 9m. W. 


Southerly, or WSW.3, W. is the Point of the Compaſs the 
Sun is upon. 


Problem 14. Latitude, and Sun's Azimuth at the Hour of Six 
given; to find his Declination, and Altitude. 


Examp le. The Sun's Azimuth — 185 14m. W. Northerly. 

Here is a Leg and its adjacent Angle given; that is, the Leg 
Ab 10d, 1 m. the Sun's Azimuth, and the Angle bAf 36d. 19m. 
the Latitude; which T riangle is made by Problem 12. of Sphe- 


Is r Ceometrical, in page 115; and for its Solution, 


ee Chapter 5. Section 4. Problem 3. Caſes 7 and 9, in pages 127 


and 128. Which is thus; 


1. For the Sun's Declination, the Proportion is; 


Ass T. © Azim, . Radius:: S. c. Latitude -T. c. © Declin. Or, 
K As S. e. Latitude · Radius:: T. © Azimuth T. Declination- 
As S. 53d. 41 m. . 8. god. :: T. 10d. 14m. T. 12d. 38m. N. 


2. For the Sun's Altitude at 6, the Proportion is; 


A 2 e Latitude * Radius :: S. O Azim. ** T. © Altitude, Or, 
VF 8 


adius . S. Azimuth :: T. Latitude T. © Altit. at 6. 


| J As S. god. S. Iod. 14m. :: T. 36d. 19m.” T. 7d. 26m. Alt. at 6. 


Problem 1 5. The Sun's Declination and Altitude at the Hour 


Ix given; to find the Latitude, and his Azimuth. 


21d. 30m. South. 
Altitude 15d. 56m. AM. 
Here is the Hypotenuſe and one Leg given; that is, Af 21d. 


om. the Sun's Declination, and bf, 1 5d. 50m. the O's Alti- 


tude, 


pter 5. Section 4. Problem 4. Caſes 10 and 12. in 
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tude, for which ſee Problem 10. of Spheric Trigonometry Geo. 
metrical, in Page 113. and Chapter 5. Section 4. Problem 1. Caſe 
2. 9 4 of Spheric Trigonometry Rectangular, in pages 125 
* and 120. 
Problem 16. Sun's Declination and his Azimuth at the Hour of 
{ix given; to find the Latitude = his * 
„ Declination 199, 24m. South. 
Example. Sun's Azimuth 10d. om. E. Southerly, 
Here is (as in the laſt Problem) the Hypotenuſe and one Leg 
given ; that is, Af 19d. 24m. the Sun's Declination, and Ab 
Iod. ogm. the O's Azimuth; for which fee Problem 10. of 
Spheric Trigonometry Geometrical, in page 113. and Chapter 5. 
Section 4. Problem 1. Caſe 1 and 3. of Spheric Trigonometry 
Rectangular, in pages 125 and 126. 


Problem 17. Sun's Azimuth and Altitude at the Hour of ſix 
given ; to find the 4— 2 his 8 
„ CE Azimu 16d. 10m. W. Southerly. 

Exampic. Sun's Altitude gd. oom. M | 

Here are both Legs given; for which ſee Problem 14. f 
Spheric Trigonometry Geometrical, in page 127, and Chapter 5, 
Section 4. Problem 5. Caſe 13 and 14. of Spheric Trigonometry 
Rectangular, in pages 129 and 130. | 


Problem 18. The Latitude of a Place, and the Sun's Declina- 
tion given ; to find the Sun's Altitude and the Hour of the 


Day when the Sun is Eaſt or Welt. 


Note, When the Sun is either Eaſt or Weſt, he is then upon 
the Prime bh rg ZAN, in De Fs Fig. 2. 

* Latitude d. . 
Example. The Sun's Declination 221 zom. 5 North. 
In the Rectangle Spheric Triangle Akl. Plate 7. Fig. 2. Obſerve 

33 | | 

I. Akl the Rectangle. 

2. kAl the Latitude. 

3. kl the Sun's Decl. of the ſame Name with the Lat. 

4. Al his Altitude when he is upon the Eaſt or Weſt Azi- 
muth Circle. 7 

5. Ak the Hour from 6; if Eaſt, after 6 in the Forenoon z 
but when Weſt, before 6 Afternoon. 

To project it Stereographically, on the Plain of the Meridian. 

I. The Primitive Circle being drawn, quartered, as olſo the 
Axis PAI, Equinoctial AQ, and Parallel of Declination S 
O If Rg, ee in Problem 4. of this Chapter, to 2 


c 
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the Prime Vertical ZAN in I, the Place of the Sun when he is 


I either Eaſt or Welt. 


Then thro? I, draw a Great Circle to cut the Equinoctial 
Ain k, at Right Angles by Problem 5. Caſe 3. of Spheric 
* Geometry, in page 115, as the Oblique Circle PIkl, which forms 
the Rectangle Spheric Triangle Akl. 

* For the Hypotenuſe Al. and Leg Ak, the former the Sun's 
> Altitude, the latter the Hour from 6, when he is either Eaſt or 
=> Weſt, are the two Things required, and are meaſured by Prob- 
lem 7. Caſe 2. of Spheric Geometry, in pages 117 and 118. 
But by Trigonometry, having a Leg and its oppoſite Angle 
piven ; that is KAI 51d. 32m. the Latitude, and kl, 23d. 3om. 
the Sun's Declination : 'The Leg Ak the Hour from 6, and the 


© Hypotenuſe Al the Sun's Altitude when Eaſt, or Weſt ; are 


found by Chapter 5. Section 4. Problem 4. Caſes 10 and 12. of 
 Spheric Trigonometry, in pages 128 and 129. Thus, 

1. To find the Sun's Altitude, the Proportion is; 

As the Sine of the Latitude, is to the Radius ; 
| $0 is the Sine of the Sun's Declination, to the Sine of his 
Altitude, being Eaſt or Weſt, Or thus; 

As S. Angle KAI ++ Radius:: S. Leg kl ++ S. Hypot. Al. 
As S. 51d. 32m. ** S. 9od. :: S. 23d. 30m. S. 30d. 37m. © Alt. 
| 2. To find the Hour from 6, the Proportion by the aforeſaid 
Problem 4. and Caſe 10. is; 
As the Radius, is to the Tangent of the Complement of the 
Latitude: | 
So is the Tangent of the Sun's Declination, to the Sine of 
the Hour from Or thus, 
As Radius Tc. Angle kal :: T. Leg kl. S. Leg, Ak. 
As T. 45d. T. 38d. 28m. :: T. 23d. om. :: S. 20d. 13m. 
the Hour from Six. 

Which reduced into Hours and Minutes of Time, and add 
it to, and ſubſtract it from © Hours, giveth the Hour of the 
Day required. | 3 
That is, 20d. 13m. reduced into Time is Ih. 21 m. almoſt 
Which added to —— öh. oom. 


The Sum ſheweth the Sun is Eaſt at zh. 21 m. Mom. 


| And being ſubſtr. ſheweth the Sun is Welt 4h. 37m. Aftern. 
In the ſame Rectangle Spheric Triangle Akl, (Plate 7. Fig. 


© tne Learner, 

Problem 19. The Sun Eaſt, the Latitude, and the Sun's Alti- 
tude given; to find the eclination, aud the Hour of the Day. 
j Example. Tze Latitude 51d. 30m. North. 


Sun's Altitude, 25d. 16m. Morning. 
| Here 
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3.) the five Problems following may be reſolved, to exerciſe 
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' Here is the Hypotenuſe, and one Angle given; that is the 
Hypotenuſe Al. 25d. 16m. the Sun's Altitude, and the Angle 
k Al. 51d. 30m. the Latitude; which Triangle is made by Pro. 
blem 11. of Spheric Trigonometry Geometrical, in page 115, and 
for its Reſolution, ſee Chapter 5. Section 4. Broblens 2. Caſe 4 
and 5. in pages 126 and 127. And is thus. 

I. For the Sur's Declination, the Proportion is. 

As Radius S. Latitude :: S. © Altitude ++ S. © Declinat. req, 
As S. god. S. 51d. 3om. :: S. 25d. 16m. S. 19d. 30m. Nor, 
2. For the Hour when he is Faſt, it's thus; 

As T. c. O Alt. Rad.: S. c. Lat. T. Hour from 6 when E. Or, 
As Radius ** S. c. Lat. :: T. © Alt. T. Hour from 6 when E. 
As 8. 90 ++ 38d. 3om. :: T. 25d. 16m. T. 16d. 20m. or th. 5m. 
which added to Fi makee 7h. 5m. the time when the Sun is Eaſt. 


Problem 20. The Sun Weſt, the Latitude and Hour of the Day 
given ; to find his Altitude, and Declination. 


| Latitude 3od. tom. South. 

Example. Th © 7 Hour — Zh. 15m. PM. or Afternoon. 

Here is given a Leg, and it's adjacent Angle; that is; the Leg 
Ak 41d. 15m. or 2h. 45m. the Hour from 6, when the Sun is 
Weſt; and the Angle k Al 3od. Iom. the Latitude; which Tri. 
angle is made by Problem 12. of Spheric Trigonometry Geome- 
trical. And for its Reſolution, ſee Chapter 5. Section 4. Prob. 
3- Caſe 7, and . In pages 127 and 128. And it's thus, 

: 1. For the Sur's Declination, the Proportion is; 

As T. c. Lat. *+ Radius:: S. Hour from 6 T. O Declina. Or, 
As Radius S. Hour from © :: T. Latitude T. © Decli. req, 
As S. god. S. 41d. 15m.::T. 30d. Iom.*'T. 20d. 58m. South, 
2. For his Altitude, the Proportion is, 

As T. Hour from 6 ·· Radius:: Sc. Lat. Ic. O Alt. when W. Or, 
As S. c. Lat. Radius:: T. Hour from 6. T. O Alt, when W. req, 
As S. 59d. 5om. * S. god. :: T. 41d. 15m. T. 45d. 23m. O Alt. 
when Weſt. | | 


Problem 21 De Sun Eaſt, his Declination, and Altitude given} 
1̃ĩ590ð0 find the Latitude, and Hour of the Day. 


„ © Declination 20d. 50m. South, 
Eaamaphe. The Saws Agne 29d. Zom. A.M. or Morn. 


Here are given the Hypotenuſe, and one Leg ; that is, the 
| Hypotenuſd Al, 29d. 30m. the Sur's Altitude, and the Leg l 
20d. 50m. his Declination : Which Triangle is made by Prob. 
lem 10. of Spheric Trigonometry Geometrical in page 122. and 
for its Reſolution, ſee Chapter 5. Section 4. Problem 1. Cafes 2 
and 3 ; in pages 125 and 126. Problem 


o i ; 
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Problem 22. The Sun Weſt, his Declination, and Hour of the 
Day given; to find the Latitude, and his Altitude. 


h - Sun's Declination 10d. 39m. North. 

Ex The Hour of the Day 4h. 52m. P. M. (or Afternoon) 
Here are given both Legs; that is, the Leg k 10d: 3gm. 

the Sur's Declination, and Leg A k 17d. or th. 8m. the Hour 

from 6, when the Sun is Weſt ; for making this Triangle, ſee 


2 And for its Reſolution ſee Chapter 5. Section 4. Problem 5. Caſes 
z and 14. in pages 129 and 130. 


J Problem 23. The Sun Eaſt, his Altitude, and the Hour of the 
EK Day given; to find the Latitude, and his Declination. 


Ez | 7 Sun's Altitude | od. tom. 
| f Example. The Hour of the Day 5om. 
Miete, In this Problem the Latitude may be either North or 
South, and truly anſwer the Queſtion. 
lere is given the Hypotenuſe, and one Leg; that is the Hy- 
potenuſe A 1 30d. 10m. the Sur's Altitude when Eaſt, and the 
. Ley k 27d. zom. or Ih. 5om. the Hour from 6, when he is 
* fo; this Triangle is made by Problem 10. of Spheric Trigonomes 
try Geometrical, in page 114, and for its Reſolution, ſee Chapter 
5. Section 4. Problem 1. Caſes 1 and 3 in page 125 and 126. 


Problem 24. The Sun in the Equinoctial, the Latitude of a 
Place and the Sun's Altitude given; to find his Azimuth, and 
rr, 7c Hour of the Day. 


2 | | Note, When the Sun hath no Declination, he is then (ſaid to 
be) in the Equinoctial; which is twice in a Year about the roth 
or, ef Mar ch, and the 12th of September. 
; Latitude 51d. 32M. North, | 


In the Rectangle Spheric Triangle Z AD. Plate 7. Fig. 2. it 
en; s to be noted. 
1. 2D the Rectangle. 
2. ZE the Latitude of the Place. 
. 3. KD the Hour of the Day from Noon. 

the . 4. ZD the Complement of the Sun's Altitude, 
eg i 5- 2D the Sun's Azimuth from the Sei. in North Lati- 
Prob- ] Tude 3 but from the North in South Latitude, Eaſterly in the 
and Forenoon, and Weſterly in the Afternoon. T 
fes 3 To 
blem 


* 


Problem 14. of Spheric Trigonometry Geometrical, in page 127. 
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To projett it . apbically, by the Plain Scale. y 

1. The Primitive Circle being drawn, quarter'd, as alſo the | 
Axis PAI, and Equinoctial AAQ, as formerly directed in 
Problem 4. | 

2. By Problem 9. Caſe 2. of Spherical Geometry, in page 112, 
draw a parallel Circle at 21d. 5om. (the given A titude) 3 
from the Horizon SAB; as is A Olt to cut the Eguinoctial RA 
in D; the Place of the Sun at that Time. 

3. Through D (by Problem 5. Caſe 3. of Spherical Ceometry, 
in page 107.) draw a great Circle perpendicular to Sa B, as is 
the Oblique Circle ZDCN, which concludes the Rectangle! 
Spheric Triangle Z AD, and its done. 

For the Angle ZD and Leg AD; the former the Sun'! 
Azimuth from the Meridian, the latter the Hour from Noon, 
when the Sun is in the Equinoctial, are the two Things requir-. 
ed, and are meaſured by Problem 7. Caſe 2. and Problem 8. Caſe E 
2. of Spherical Geometry, in pages 11o, and 111. * 

But by Spheric Trigonometry, having the Hypotenuſe, and 
one Leg given; that is, ZD 78d. 1om. the Complement of the t 
Sun's Altitude, and Z 51d. 7 the Latitude: The Angle 
2 the Sun's Azimuth and Leg AD the Hour from Noon, 


Py | ” * _ a ** 2 _ 5 2 . 
n Ar n ' E 
. iS „ 442 SC N L 8 x 
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= hand 


are found by Chapter 5. Section 4. Caſe 1 and 2. of Spheric Tri. 


onometry Rectangular, in pages 125 126. Thus | D 
bs 1. To find the Sur's Azimuth, the Proportion is. cl 
As the Radius is to the Tangent of the Latitude; A th 


So is the Tangent of the Sun's Altitude, to the Sine Com- 
plement of the Sun's Azimuth from the South. Or thus; by 
As Radius T. Leg Z:: T. c. Hypot. ZD. Sc. Angle AZD 
As T. 45d. T. 51d. 32m. :: T. 21d. 50m. 8. Zod. 17m 

Which ſubtract from — = — — gd, oom. 


5 


Remainder is the Sun's Azimuth, South — 59d. 4zm. 
Eaſterly, that is SE. by E. E. is the Point of the Compaſs ÞÞ 
the Sun is upon. 
1. To find the Hour, the Proportion by the foreſaid Pro- 
blem 2. and Caſe 3. is; „ = 
As the Sine Complement of the Latitude, is to the Radius; | 
So is the Sine of the Sun's Altitude, to the Sine Comple- 
ment of the Hour from Noon. Or thus; | 
As S. c. Leg ZE * Radius :: S. c. Hypdt. ZD. S. c. Leg. AD. 
As S. 38d. 28m. * S. god. :: S. 21d. 50om. 8. 36d. 43m. 
Which ſubtract from —_— 00d. ol 


— 


Remainder is the Hour from Noon — zd. 17m. 
Which is equal to 3h. 33m. from Noon, that is 8h. 27m. uf. 
the Morning. | Y " 
ö 4 
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In the ſame Rectangle Spheric Triangle Z AD might five 
problems more be reſolved, which I leaye to the Learner to 
invent; and ſo paſs on to Oblique Spheric Triangles in Aſtronomy, 


Seftion III. Oblique Spheric Triangles, applied in Aſtrono- 
mical Problems, uſeful in Navigation, 
N the laſt Section, Rectangled Spheric Triangles were ap- 
I plied to Problems of Aſtronomy, now in like manner Obli- 
ue Spheric Triangles ſhall be applied, and both them and the 
Pollowing are uſeful in Navigation. 
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Problem 1. The Latitude of a Place, the Sun's Declination, and 
his Altitude given; to find his Azimuth, and the Hour of the Day. 


= Latitude —— 51d. 30m, 

Example. The + Declination — 15. 10 North, 

= BE Altitude - 11. 30 

1 I the Oblique Spheric Triangle PZ O. Plate 7. Figure 2. is 
to be noted. 

| I. ZP the Complement of the Latitude. 


2. Z the Complement of the Sun's Altitude. 


Ny 3. 20 his Diſtance from the elevated Pole ; which is the 

*" Þ Declination added to go Degrees, when the Latitude and De- 
 clination are of the contrary Names; But if of one Name, it's 
the Complement of the Declination, 

2 4 PZ O his Azimuth from the North in North Latitude; 


| * but from the South in South Latitnde. 
mk 5 ZPC) the Hour of the Day from Noon. 
To project it Stereographically on the plain of the Meridian. 


* I. Having drawn the Primitive Circle and quarter'd it, alſo 
Ian the Axis PAI, the Equinoctial AQ, draw the Paral- 


m. lel of Declination (© IFR g, as before directed. 
Wie 2. Draw (by Problem g. 5 2. of Spheric Geometry in page 
* 112.) a Parallel Circle, Parallel to the Horizon SAB at 11d. 
Zom. (the given Altitude) diſtance from it, to cut the parallel 
n 
of Declination in O, the place of the Sun at that Time. 
„ 3: Then through © draw two great Circles, one through 
dius; 7 and N, the Poles of the Horizon; and the other through P 
mple· and I the Poles of the E uinoctial; as is the Oblique Circle, 
| ZON, and POI; which forms the Obligue Spheric Triangle 
AD. 20, and it's done. | 
Az For the Angles PZ O, and ZPO©), the former the Sun's Azi- 
oom. muth, the latter the Hour of the Day from Noon; are the two 
—— Things required, and are meaſured by Problem 8. Caſe 2. of 
« 17" leric Geometry, in page 110, 
Jm. uf But by Spheric Trigonometry, having 3 Sides given ; that 
1 ZP. 38d. zom. the Complement of the Latitude, 20, 78d. 
5 O 2 June 


Pro- 
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zom. the Complement of the Sun's Altitude ; and PO, 74d. 
5om. his Diſtance from the elevated Pole; the Angle PZQ 
the Sun's Azimuth, and ZP © the Hour of the Day; are found 
by Chapter 5 Section 5. Problem 11. Caſe 11. of Spheric Trigo- 
nometry Oblique, in pages 136. and 137. as followeth, 

1. Add the Complement of the Latitude, Complement of 
the Sun's Altitude, and the Sun's Diſtance from the Pole into 
one Sum. | 

2. From half that Sum ſubtract, for finding the Sun's 4:7. 
muth, the Sun's Diſtance from the Pole + But, for finding the 
Hour of the Day, ſubtract the Complement of the Sun's Alti. 
tude, noting the half Sum, and the Remainder; 

3. Then to find the Sun's Azimuth, it's thus; to the Com. 
plement Arithmetical of the Sines of the Complement of the 
Latitude, and Complement of the Altitude, add the Sines of the 
foreſaid Half-Sum and Remainder : Half the Total of theſe 4 
Logarathims, is the Sine of the Supplement of half the S', 
Azimuth from the North in North Latitude; and from the 
South in South Latitude, | 

But to find the Hour of the Day, it's thus; to the Comple. 
ment Arithmetical of the Sines of the Complement of the La- 
titude, and the Sun's Diſtance from the Pole, add the Sines of 
the {aid Half--Sum, and the Remainder : Half the Total of 

theſe 4 Logarithms, is the Sine of the Supplement of half the 
Hour from Noon, all which is ſhortened thus ; 


1, To findthe Azimuth, the Operation is ; 


| 2P. 38. ow $4" + co. an. o. 20 5850 
Side 5 Z O. 78. zom. Containing Sides S. co. ar. 0.008107 


PO. 74d. zom. Half Sum ſides 95d. 55m. 8. 9.997680 
Sum is 191d. 5om. Remainder — 21d. o5m- S. 9.555971 
2 Sum is 95d. 55m. Sum of the 4 Logarithms is 19.708305 
Remaind. 21d. o zm. 49 59 S. 3 Sum 9.884154 
Which doubled — 49 59 


The Double is —— 99 58 Which 
Subtract from — 180 00 


* — 


Remainder is the Sun's Azimuth 80 o2 from the North. 


Or thus, by Gunter's Scale. 


As the Radius S. c. Latitude :: S. c. Altitude a ꝗth Sine 
As S. god. S. 38d. 30m. :: S. 78d. 30m. ** S. 37d. 3 5. 1 
en 
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4 Then again, 
; As the 4th Sine, S. Sum ſides :: S. Remainder... a 5th Sine 
As S. 37d. 35m-., S. 95d. 55m. :: S. 21d. Om... S. 36d. oom. 

g Againſt which, on the Line of Verſed Sines is 804. Ozm. the 
Sun's Azimuth from the North Eaſterly, if in the Morning, and 
from the North Weſterly if in the Afternoon; that is, the Sun 
is near the Eaſt by North Point of the Compaſs in the Morn- 

ing and near the Weſt by North Point in the Afternoon. 

J 3. To 75 the Hour of the Day, the Operation is, 

27P 38 J. zom. 2 2 . 5. C9, Ar, 0, 20 850 

Side 4 OP 74d. ory : Containing Sides S. co, ar. 8 
Z © 78d. 3om. | half Sum ſides 95d. 55m. S.--9.997680 

— Remainder 17d. 25m. S. - 9.476133 


Sum is 191d. 50m. 


Sum is 95d. 55m. Sum of the 4 Logarithms is - 19.695060 


fe cel - — 106 

1 

Remainder I 7d. 25m. — 44, 8, half Sum 847 O Fi { 

Which doubled IE 2 7 8 10 

The double is —— 89. 30 Which = 

lubſtract from 180 co iy 

— — h. m. 1 

Remain. is the Hour from Noon: go. 3o equal to 6. 2 1 

Or thus; by Gunter's Scale, 3 ; 

As the Radius .. Sec. Latitude, :: S. © Diſt. fromPole.. a athSine 1 

As S. god, S. 38d. 3om, :: S. 74d. 50m. S. 36d. 56m _— 
oi Then again, 1 . 
) As the 4th Sine ++ S. 2 Sum ſid es:: S. Remainder .. a 5th Sine, i 
As S. 36d. 50m. . S. 95d. 55m. :: S. 17d. 25m- .. 29d 42m. 1 

80 

Againſt which on the Line of Verſed Sines, is god. zom. . 
Or Gh. zm. the Hour from Noon; that is, 58m. after 5 in the 11 
Morning, or 2m, after 6 in the Afternoon. | q N 
In the fame Spheric Triangle ZPO, (Plate 7. Fig. 2.) may 1 
the Nine Problems next following be reſolved. 
Problem 2. The Latitude of a Place, the Sun's Altitude, and Azi- 


muth given; to find his Declination, and the Hour of the Day. 
5 | Latitude 51d. 32m. North. 
Example. The 4 Sun's Altitude — 49d. 40m. in the Forenoon. 
„ (C Sun's Azimuth -119d. 44m. from the North. 
In this Problem are two Sides, and one Angle between them 
given; that is, ZP 38d. 28m. the Complement of the Latitude, © Fa 
£0 40d, 20m. the Complement of the Sun's Altitude, and 1 
PO 119d. 44m. his Azimuth; which Triangle is made by . 
Prob. 18 of Spheric Geometry ; and for its Reſolution, ſee Chapten 18 
[hen WP F. Section 5. Problem g. Caſe 7, and 8. of Spherical Triganometry _ 
| Oblique, Pages 133 and 134. O 3 Prob, 78 
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Problem 3. The Latitude, the Sun's Declination and Azimuth 
given ; to find his Altitude, and the Hour of the Day. 


Latitude —— — 13d. 10m. North. 
Ex. The 4 O Declination — — gd. 15m. South. 
(O Azimuth 129d. 40m. from N Afﬀtern, 
Here are two Sides and one Angle oppoſite given, that is ZP 
76d. om. the Complement of the Latitude, P © 99d. 15m. the 
Sun's Diſtance from the Elevated Pole, and PZ 8 40m, 
his Azimuth; which Triangle is made by Problem 16. of Sphe. 
ric Geometry, in pages 118 and 119. And for it's ſolving, ſee 
Chapter 5, Section 5. Problem 7. Caſes 2 and 3. of Spheric Trigo- 
nometry Oblique, in pages 131 and 132. | 


Problem 4. The Latitude of a Place, Sun's Altitude, and the 


Hour of the Day given; to find the Sun's Azimuth, and bis 
Declination. | 


Latitude — 3od. 51m. South, 
Example, The 4 Altitude — 41d. lom. 


Hour of the Day — zh. 15m. Afternoon. 
Here are two Sides, and one Angle oppolite given as before 
in Problem 3. That is, ZP 59d. om. the Complement of the 
Latitude ZO 48d. 5om. the Complement of the Sun's Altitude 
and ZP © 48d. 45m. Or 3h. 15m. the Hour of the Day from 
Noon; and therefore projected, and reſolved like Problem 3, 
aforeſaid, in page 213, 


Problem 5. The Latitude f a Place, the Sun's Declination, 
and Hour of the Day given; to find the Azimuth, and Altitude, 


Latitude 20d. 11m. North. 
Example. The 4 Declination 23d. 29m. South, 

| | Hour —— ch. 24m, Morning. 

| Here are two Sides, and one Angle between them given} 
That is, ZP 69d. 49m. the Complement of the Latitide, PO 
T13d. 29m. the Sun's Diſtance om the Elevated Pole, and 
PZO 239d. or 2h, 36m, the Hour of the Day from Noon, 
which 1s wrought as before in Problem 2. page 213. 


Problem 6. Latitude of a Place, the Sun's Azimuth, and the 
Hour of the Day given; to find the Declination and Altitude. 


Latitude 13d. 10m. North. 


Example, The Sun's Azimuth --- 120d. 3om. from the North. A 


Hour of the Day --» ph. 36m. Morning, 


Here 


SS S828 
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Here are two Angles, and one Side between them given 3 
That is, ZP 76d. 5om. the Complement of the Latitude, 
PZ O 120d. 3om. the Sun's Azimuth, and ZP © 36d. or 2h: 
24m. the Hour of the Day from Noon ; for the making of this 
Triangle, ſee Problem 19, of Spheric Geometry, in page 120. 
And for its Solution, ſee Chapter 5. Section 5. Problem 10. Caſe 
9. of Spheric Trigonometry Oblique, in page 135. 


Problem 7, The Sun's Altitude , Declination, and his Azimuth 
given ; to findthe Latitude and Hour of the Day. 


Altitude -- 39d. 3om. in the Morning. 


Example. The Sun's q Declination 19d. 12m. North, 


( 
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Azimuth --110d. 20m. from the North. 

Here are two Sides, and one Angle oppoſite given; That is, 

Z © 5od, 3om, the Complement of the Sun's Altitude PO 70d, 
48m. his Diſtance from the Elevated Pole, and PZ O 119d. 
20m, his Azimuth from the North, which Triangle is made 
and wrought as before in Problem 3. of this Section in page 222. 


Problem 8. The Sun's Altitude, his Declination, and Hour of 


the Day given; to find his Azimuth, and the Latitude 


Sun's Altitude 12d, 35m. 
Example. The Sun's Declination - 19d. 4om. North. 
Hour — 5h. 42m, Morning, 
Here are alſo two Sides, and one Angle oppoſite given 
That is, Z O 58d. 35m. the Complement of the Sur? Altitude 
PO 7od. 20m. his Diſtance from the Elevated Pole, and ZP © 
gad. 3om. or Gh. 18m, the Hour of the Day from Noon; 
which Triangle is made and wrought as before in Problem 3, of 


this Section, in page 215. 
Problem . The Sun's Altitude, his Azimuth, and the Hour of 


the Day given ; to find the Declination, and the Latitude of 
the Place. 


Sun's Altitude —— 11d. 30m. 
Example, The Sun's Azimuth 75d. oom. from the N. 
— Hour of the Day --- Oh. 16m. Afternoon. 
Here are two Angles and one Side oppoſite given; That is, 


20 78d. 3om, the Complement of the Sun's Altitude, PZ O 
* 75d. The Sun's Azimuth from the North, and ZP © 94d. oom. 
or 6h. 16m. the Hour from Noon; which Triangle is made by 
| Problem 17, of Spheric Geometry, and is ſolved by Chapte. 5. 
8 Section 5. Problem 8. Caſe 4. and 5. of Spheric Trigonometry 

Oblique, in pages 133 and 134. 
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Problem 19, The Sun's Declination, his Azimuth, and Hour of 
the Day given ; to find his Altitude andthe Latitude of the Place, 


Sun's Declination — 19d. Iom. North. 
Example Sun's Azimuth ———— 79d. o2m. from the S. 
(Hour of the Day o8h. Z2m.intheMorning 


Here are two Angles and one fide oppoſite given ; as before 
in the laſt Problem: That is, PO 70d. 5om. the Sun's Diſtance 
from the Elevated Pole, PZ O 109d. 58m. his Azimuth from 
the North, and PZ© 52d. Or zh. 28m. the Hour of the Da 


NY 
from Noon; which Triangle is made and wrought like Prob- 
lem g. the laſt foregoing. 


Problem 11. The Latitude and Longitude of a Star, and the 


Obliquity of the Ecliptic given ; to find his Right Aſcenſion, 
and Declination, | 


Definition 1. Latitude of a Star, is an Arch of a Circle of 
Longitude contained between the Star's Center, and the Ecliptic. 
2. Longitude of a Star, is an Arch of the Ecliptic, contain- 
ed between the beginning of Aries, and that Circle of Longi- 


tude, which paſſeth over the Star's Center, and counted ac- 


cording to the Succeſlion of the Signs. 
Example. 


| Latitude 22d. 52m. North, 
Capella, or the Goat, the. Longitude II. 18d, 02m. 

In the Oblique Spheric Triangle PKD, Plate 7. Fig. 1. is to 
be Noted. 

1. PK the Diſtance of the Pole of the Ecliptic from the 
Pole of the World, equal to the Ecliptic's Obliquity 23d. Zom. 

2. KD the Star's Complement of Latitude, or Diſtance 
from one Pole of the Ecliptic. 

3- PD the Complement of the Star's Declination, or Di- 
ftance from the agreeing Pole of the World. 

4. PKD it's Longitude from S, if the Star's Latitude be 
North, but from y# if it be South; That is, from S, if the 
Ecliptic's North Pole be one Angle; but from yp if it's South 
Pole be one Angle of the Triangle. 

5. KPD the Star's Right Aſcenſion from , if it's Latitude 
be North, but from S if it's Latitude be South : That is, if the 
Ecliptlc's North Pole be one Angle, &c. as before in the 4th Sept. 

Here are two ſides, and one Angle between them given; 
That is, PK 23d. 3om. the Diſtance of the North Poles of the 
Equinoctial and Ecliptic, KD 67d. o8m. the Complement 
of the Star's Latitude, and PKD 11d. 58m. the Star's Longi- 
pude from (wanting of) S; which Triangle is made by oy 
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blem 18 of Spherical Geometry, n pe 119 and 120. and by 
aje 


Chapter 5. Section 5. Problem . 
and 105, the Proportions are as follows : 


7 and 8, in pages 104, 


Firſt, To find the Star's Right Aſcenſion, the Operation is 


1. As S. half Sum of the Sides KD and CP.—— 45d 


. 19M. 
Is to S. half their Differenee— —d. jar 
Sois T. c. of half the Angle PKD - 84d. olm. 
To T. half Diff. of the Angles DPK and PDK 78d. 40m. 
2. As S. c. half Sum of the Sides KD and KP——44d. 41m. 
Is to S. c. half Difference —— 68d. 10m. 
So is Tc. of half the Angle PKD _— 84d. 3om. 


To T. half Sum of the Angles DPK and PDK 85d 


. 27m. 


Unto which add their half Diff. before found 70d. 40m. 
And it giveth the Angle DK 164d. 07m. 
From which ſubtract AQ —— | god. oom. 

Remainder is AM the Star's Right Aſcenſion 74d. 07m. 


from the beginning of V required, 


Secondly, for the Star's Declination, the Operation is ; 


As S. DPK Star's Right Aſcenſion from y 164d. 07m. 
Is to S. DK its Complement of Latitude 67d. o8m. 
80 is S. PKD its Longitude from S 11d. 58m. 
To S. PD its Complement of Declination 44d. 19m. 
Wherefore the Star's Declination is North — 45d. 41m. 


Problem 12. The Right Aſcenſion of the Sun, and Right Aſcenſion 


of a Star given; to find the Time of the Star's coming to, or 


upon the Meridian. 


The Rule, Subtract the Sun's Right Aſcenſion from the Star's 
Right Aſcenſion, the Remainder reduced into Time, is the Time 
of the Star's coming upon, or to the Meridian, Afternoon. 


Note, If you cannot ſubtract, add 360 Degrees to the Star's 


Right Aſcenſion. and then ſubtract. 


Example. The 5th of October 1731, I demand at what time 


Aldebaran, or the Bull's Eye, cometh to the Meridian? 


d. m. So 
5th of October, the Sun's Declination is 8 53 S. increaſe. 
They, Latitude Aldebaran — 5 30 South. 
| Longitude \ * 8 ——— 5 57 in II. 
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And —_— you may find that, . m, 
3. Problem 11. Star's}. p: . © 6c9 
By S 2, Problem We. the Law + rig . 2 9 — pe 
Then add 360d. to 65d. 03. the Star's Right Aſcenſion, 
and it is 425d. 03m. from which ſubtract 200d. 45m, the Sun's | 
; 7 4p Aſcenſion, the Remainder is 224d. 18m. which maketh 
| Ih. 57m- the Star's coming to the Meridian after Noon, 
that is 57m, after Two in the Morning. | 
And thus having found the Right Aſcenſion, Declination and 
Time of any Star's coming upon the Meridian, you may by | 
Problem 4. Section 2. of this Chapter, find its Amplitude, and | 
Aſcenſional Difference, and thereby its Riſing and Setting : 
its Diſtance from the Meridian at any Altitude, obſerved by | 
Problem 1. Section 3. of this Chapter, in page 212, and fo the 
Hour of the Night thereby; all which I leave for the Exerciſe | 
of thoſe that are learning theſe things, 


Section IV. The Doctrine of the Sphere, or Spheric Trigono- 
metry, applied in ſundry Aſtronomical Problems, /f in 
Navigation, according to the Pythagorean Syſtem. 


T H E Pythagorean Syſtem of the World, lately reviv'd by Co. 
pernicus,is now generally received by the moſt, and beſt Af. 
tronomers ; it being indeed the moſt agreeable to the Motion of 
the Heavenly Bodies,confirmedbyExperience in the conſtant Ob- 

. ſervation of them, in which theſe are Fundamental Principles. 
1. That the Earth is carried round the Sun in a large Orb 
or Path, betwixt the Orbs of the Planets Mars and Venus, once 
in a Year. 72 

2. That beſides this Annual Motion, the Earth tnrns round 

her own Axis once in 24 Hours, | : 

3. And that the ſaid Axis of the Earth is inclined to the 

Plane of her Orb at the ſame Angle, and keeps in all Parts 
of it, nearly Parallel to itſelf. e 3 
On theſ. Aſſertions, but chiefly the Second; to wit, the 
Diurnal Motion of the Earth about its own Axis once in 244 
Hours, whereby all the viſible Appearances of the Sun and Þ 
Fixed Stars are ſolved, I ſhall at preſenyconfine my Diſcourle, | 
and on which the following Problems are grounded. 

In order to a right underſtanding thereof, I will defcribe the 

Circles of the Sphere, and how they are drawn in the Stereo- 
graphical Projection, on the Plane of the Earth's Ecliptic, be- 
fore I ſhew how to calculate any of it's Requilites. 

Note, In the following Deſcription, I make uſe (for the moſt 
art) of the fame Letters for the ſame things, as before in the 
tolemaic Projection, treated of in this Chapter. 7 

0 


Place this next after page 111 


— 3 
: F391. "I 
Z 9 — : 
2 
IL 

1 

B A. I 

* 


wk > 


W * x . 
— f AS « 
| l 
$4 a... 


„ 


made in all Places on the Globe of 
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The Deſcription of the Circles of the Sphere (as grounded on 
the antient Pythagorean, or Copernican Syſtem of the World,) 
are as followeth. | ; 

1. The Sun illuminateth one half of the Body of the Earth 
continually ; as repreſented by Plate 8. Fig. 1, and 2. where- 
in the Lines HKS, or HLS, which determineth the illuminated 


Part of the Earth's Dis A O8, from the obſcure HDS; the 


ſaid HKS, or HLS, is called the Horizon of the Earth's Disk. 
2. The Primitive Circe V V, is the Earth's Eclip- 

cliptic ; whichever hethin the Plane of pair 5 AR inthe Heavens. 
The Poles of the Ecliptic are K and L; the firſt is the 


North Pole of the Ecliptic, on the Earth's Globe, and the 
latter the South Pole thereof, | 


The Poles of the Earth's Globe are P and I; the firſt it's 


North and the latter it's South Pole; each being 23d. zom. 
from its correſpondent Pole of the Ecliptic ; that is KP, equal 
to Ll, is equal to 23d. 3om. on the Scale of Half-Tangents, 
and it's called the Line of Direction of the Earth's Axis. 

3- The 441 in the Heavens, or Equator on the Earth, 
is repreſented by the Oblique Circles Y Q, or V, of 
which P and I are the Poles ; and they are drawn with the 
Secant of 23d. 3om. according to Problem 2. Caſe 2. of Spheri- 
cal Geometry, in page 104 and 105. 

4. All Meridians paſs through the Poles of theEarth's Globe; 
as here VP, or VIA, are Meridians, and drawn with the Se- 
cant of 66d. 3om. the Complement of 23d. 3m. as before. 

VP, or VI, is called the Firſt Meridian; and the Meri. 
dian S PK , or SLI W is the Earth's So//7itial Colure : for 
whenever the direct Rays of the Sun run Parallel to this Meri- 
dian, and that is, when the Sun appears from the Earth, to 
be either in S or yp ; then the Longe/? or Shorteſt Days are 

B Earth. 

The Earth's Equinoctial Colure, is Y K = or VL, for 
whenever the Centra] Rays of the Sun run Parallel to it, the 
Days and Nights are equal in all places. Or accoading to the 
Ptolemaick Syſtem, the Meridian VP =, and VI A, is the 
Equinoctial Colure, tho? here we call it the firſt Meridian. 

5. Circles of Longitude, paſs thro” the Poles of the Eclip- 
tic, and in this Projection, are Right Circles; therefore are 
ſtrait Lines; as Y K , SKw, © KD, oc. 

Where for the Point in the Earth's Periphery, oppoſite to 
the Sun, or to a Star, or lying in a ſtrait Line produced from 
K, or L, thro” the Center of the Sun, or any Star, is called 
Sun's or Star's place in the Ecliptic. 

Theſe are the Great Circles belonging to this Projection. 
Now followeth, | 7 Th 
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The Deſcription of the Parallels or Leſſer Circles. 

6. Parallels of Declination, are here Parallels to an Oblique 
Circle; the Equinoctial V Q &, and V &, being ſuch, 

The Tropic's are two Parallels of Declination, diſtant from 
the Equinoctial 23d. 3om. or 66d. 30m. from each Pole of the 
World; as 5 fg f S, and hi h ve; the firſt is the Tropic 
of Cancer, the latter is the Tropic of Capricorn, 

Theſe Tropics are thus drawn; from the Scale of Half Tan- 
gents lay on the Sol/?itial Colure 47. (the double of 23d. zom. 
from W to g, or from S to 1. Or thus; lay the Half Tangent 
of 43d.) the Complement of 47d. from K to g. or from L toi: 
Then the middle between S and g; or between y and i, is 
the Center of theſe Tropics. N 

The Polar Circles, are two Parallels of Declination, diſtant 
from the Equinoctial 66d. 3om. or 23d. zom. from each Pole 
of the World: as Knon K, and LprpL; the firſt is the 
Artic, the other the Antartic.Circle, | 

They are thus drawn, on the Se/itial Colure, lay the Half 

Tangent of 47d. (the double of 23d. 3om.) from K to o, or 
from L tor; then the middle between K and o, or between 
L and r, is the Center of thoſe Polar Circles. 
7. Parallels of Latitude, with reſpect to the Heavens, are 
in this Projection parallel to the Primitive Circle, which here 
is the Ecliptic: as any Circle drawn on K or L; as a Center 
is a Parallel of Latitude. 

All theſe Circles are General, as belonging to this Projec- 
tion without any regard to the Latitude of any particular Place, 
on the Globe of the Earth : The Deſeription of the Meridi- 
ans, or Hour Circles, Azimuths and Parallels of Latitude; 
alſo how to draw them (theſe being peculiar to a particular 
Latitude) you ſhall have in their proper place, as they come in 
uſe in the following Problems, 


Problem 1. The Sun's place in the Ecliptic given; to 25 his 
Diſtance from the North or South Pole of the Globe; his Right 
Aſcenſion ; and the Angle which the Meridian paſſing through 


it, makes with the Ecliptic. 


Example. The Sun's place being in the beginning of II, or 60 De- 
 grees from the firſt Point of V; I demand his Diſtance from 

the Pole, &c. | 

1. To do this, lay the Sun's Longitude from V to 60d. on 
the Primitive Circle, from V to ©. CTY OW? 

2. Through © and P. or © and I, draw a great Circle O 


PP, or GID, which is the Proper Meridian, to the Place of 


the Sun. 
3. Then 
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3. Then, between the (Froper Meridian, the Ecliptic, ad 
the Solſtitial Colure, there is formed a Rectangle Spheric Tri- 


angle, having Its Legs given; to find the Hypotenuſe, and two 


A ngles : That is, ; : by 

In the Rectangle Spheric Triangle P S O, or IS ©, Plate 
8. Fig. 1 and 2. 3 | 

1. The Deg S ©, is the Complement of the Sun's Longi- 
tude from V, or his Diſtance from the Equinoctial, 30d. 

2. The SP, or SI, the Diſtance of the Pole of the Globe 


from the Ecliptic; or the Complement of the Diſtance of the 
Pole's of the Globe and the Ecliptic 66d. 3om. 


3. The Hypotenuſe P ©, or I O, the Sun's Diſtance from 


the North or South Pole of the Globe. 


4. The Angle SP O, or S1 O, the Complement of the 
Sun's Right Aſcenſion, from the neareſt Equinoctial Point. 


5. The Angle POS, or 1 O S, the Angle of the proper 


Meridian with the Ecliptic. 

1. For the Sun's Diſtance from the Pole, the Proportion by 
Chapter 5. Section 4. Problem 5. Caſe 14. of Spherical Trigono- 
metry Reftangular, in page 129 and 130 is thus, 

As Radius · S. c. Leg: S O:: S. c. Legs P.. S. c. HypotenuſeP O. 
A S. god. S. 60 degrœes :: S. 23d. 3om. .. S. 20d. I 2m. the 
Reflection; That is, 

As the Radius is to the Sine of Sun's Longitude from the 
Equinoctial. a 
So is the Sine of the two Poles Diſtance, to the Sine Comple-. 
ment of his Di/tance, from the neareſt Pole of the Globe; or to the 
Sine of PB or IB the Reflection, which is equal to the Sun De- 
clination in the Ptolemaic Syſtem In this Caſe 20d. 12m. North. 

2+ For the Sun's Right Aſcenſion, the Proportion is; | 
As Radius · S. Leg S:: T. c. Leg. OS T. c. Angle SP O. 
As S. god. 8. 66d. 30m. :: T. Gd. T. 57d. 47d. 49 m. © 
R Right Aſc- That is, 

As the Radius is to the Sine Complement of the two Poles 
Diſtance ; | 

Sois the Tangent of the Sun's Longitude from the neareſt Equi- 

nox, to the Tangent of his Right Aſcenſion from the ſaid Equinox. 


3. For the Angle of the proper Meridian with the Ecliptic, 


the Proportion is thus ; 
As Radius -S. LegS O:: T. c. Leg SP. T. c. Angle POS 
As S. god. . S. 30d. :: T. 23d. 3om. T. 12d. 16m. 
Which ſubtract from — god. oom. 
The Remainder being 77d. 44m. 


is the 


Angle of the Meridian and the Ecliptic. 


In the ſame Triangle may Problem 2 and 3 of Section 2. of 
this Chapter be reſolved, which I paſs over. 


1 | Problem 
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Problem 2. The Latitude of a Plave on the Globe of the Earth „ and 
the Sun's Place in the Ecliptic given; to find his Amplitude and 
Aſcenſional Difference, and conſequently his Riſing and Setting, 


Latitude 5 id. 32m. N . Amp. and 
Ex. The 04 rout given Sun's } ern biff 
Required. Plate 8. Fig. 1 and 2. 


1. To do this. after you have done what was directed in 
Problem 1. then get the Sum and Difference of the Latitude's 
Cymplement and the Diſtance of the two Poles, that is the Sum 
and Difference of 38d. 28m. and 23d. 3om. the firſt is 614. 58m, 
and the latter is 14d. 58m. | 

2. Then make Kt or Lt. equal to the Half-Tangent of 
61d. 58m. and alſo K m, or Lm, equal to 14d. 58m. on the 
ſame Scale. | 

3. The middlebetween m and t, is the Center of the Circle ab c 
ztdeh m, which is the Parallel of Latitude for 51d. 32m. and 
in this Projection, it's the Line deſcribed by London as the Earth 
turns round, and from thence is called the Path of the Vertex. 

And if you conceive the Colures, all the Meridians, the Path 
of any Vertex, and indeed all the Lines and Circles that are or 
ſhall hereafter be deſcribed as a 2 Rete, cloſe inveſting the 
Earth whilſt ſhe turns round within it, whoſe Motion abodt its 
Axio being from Weſt to Eaſt, then the Sun is ſaid to Riſe, when 
the Vertex paſſeth that Point in the Path where it cuts the Horizon 
of the Earth h Diſk, which is here at 4; To Culminate or on the 
Meri di an where it croſſeth the proper Meridi an bet ixt him and 
the Pole, which here is at 2; and to Set where the Vertex paſſeth 
the other Interſection of the Path and Horizon as here at h. 

4. Thro? a, and O, draw a great Circle, as alſo thro? a, and 
P, ſo have you two Triangles on the Eaſt ſide of the Meridian, 
to wit, OP a, and PBa; in like Manner if you draw a great 
Circle thro*' P and h; and thro? © and h; they will form two 

Triangles on the Weſt, or deſcending Side of the Meridian: 
But if any one of theſe four Triangles may ſerve to anſwer the 
Problem, and therefore I take one Triangle at Sun-riſing, which 
may ſuffice for ſetting ; wherein obſerve, _ 

In the Right-angled Triangle PBa, Plate 8, Figure 1. 

I. The Leg PB the RefleGtion or that which is equal to the 
Sun's Declination, found by Problem 1. in Page 219, to be 20d. 
I2m. North. | 

2. The Hypoteneuſe Pa, the Complement of the Latitude of the 
Place, or the Diſtance of the Pole from the Vertex, in this Ex- 

ample 38d. 28m. 

3- The 


4 Complement, and therefore equal to the Amplitu 


F As the S. 38 


| the contrary when one is North and the other So 


Latitude 51d. 32m. N 


or W elt a; hs 
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3. The Angle Bap the Amplitude, or the Complement of 
the Sun's Azimuth from the North in North Latitude; and from 


che South in South Latitude; from the Angle Pa O is the Azi- 


muth from the North at Sun Riſmg, and the Angie PaP is its 
e. 


4- The Angle BPa, the Hour from Midnight ; that is, the 


; time of his Riſing after, and Setting before 12 at Night. 


1. For the Angle BaP, the Sun's Amplitude; the Proportion 


dy Chapter 5. Section 4. Problem 1. Caſe 2. in Page 125 and 


126, is thus; | 
As the S. ne Pa · Radius:: S. Leg. BP:: S. Angle Bap. 
28m. ** S. god. :: S. 20d. 12m. S. 33d. 43m. 
That is, 


As the Sine Complement of the Latitude is to the Radius; 
ſo is the Sine of the Reflection, to the Sine of the Sun's Am- 
plitude; 33d. 43m. from the Eaſt Northerly, at Sun's Riſing; 
and from the Weſt Northerly, at Sun Setting. 

For the Angle BPa, the Complement of the Aſcenſional 
Difference, the Proportion by the aforeſaid Problem 1. Caſe 1. 


page 125, is thus, 


As the Radius. T. c. Hypot. Pa:: T. Leg. Bp · S. c. Angle BPa. 


As the T. 45d... T. 51d. 32m: : T. 20d. 12m. S. . 27d. 35m, 


| 35 
the Sun's Aſcenſional Difference, which is oth. 5om. before 6, 
his Riſing ; and as much after 6, is the Sun's Setting, becauſe 
its North Latitude, and the Sun is in a Northern- 175 ; but it's 
rh. 


In this Triangle may Problem 4, 5, 6, 7, 8, 9, 10, and 11, of 
Section 2. of this Chapter be ſolved. 
Problem 3: The ſame given as before in Problem 2. to findthe 
Sun's Diſtance from the Vertex, when due Eaſt and Welt, and 
the Time from Noon when he ſhall be ſo. Plate 8. Figure 1. 
Example. 


: given; The Sun*sZenithDiſtance. 
bl 


Sun's Plate Woo oo Time when he is Eaſt. 


1. To delineate this; after the proper Meridian, and Path of 


the Vertex, or Parallel of Latitude is drawn, as before in Pro- 


blem i and 2 Then thro' O and D, draw a Great Circle, juſt 


to touch the Path of the Vertex, on either ſide of it, as the Ob- 
lique Circles © cd. and © dD. | 


2, ThroughP andc; or P, andd; draw a Great Circle, to 


cut Ocd, or Od D at Right Angles, in the Place of the Vertex, 
PFhen the Sun ſhall appear due Eaſt or Weſt: And then there is 

formed two Triangles, Pe O, and Pd; one when the Sun is 
EFaſt, and the other when he is Weſt; in each the ſame Things 
| JF given and required. Therefore obſerve. 


in 


% a 
ws Lge, —— - - - 
— _ 


—— — ——— — * — ——w” — — — —_ 4 —— * . 
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In the Rectangle Triangle, Pe. Plate 8. Fig. 1. 

1. The Hypotenuſe PO the Sun's Diſtance from the Pole, 
found by Problem 1. to be 69d. 48m. the Complement of the 
Reflection. | 5 

2. The Leg P. e, the Diſtance of the Pole, from the Vertex 
or Complement of the Latitude, in this Example 38d. 28m. 

J; The Leg © c the Sun's Diſtance from the Vertex, or Com- 
plement of his Altitude when Eaſt : and the fame when Weſt. 

4. The Angle ©Pc, the Hour from Noon, when he is or ſhall 
appear to be Eaſt or Welt. N 

I, For the Leg © c. the Sun's Zenith Diſtance, the Pro- 
portion by Chapter 5. Section 4. Problem 1. Caſe 3. in page 125 
and 126. 1s this. | 

As S. c. Leg Pe. Radius:: S. c. Hypot. OP. S. c. Leg, Oc. 
As the S. 510 32“. S. god. :: S. 20d. 12m. S. 26, 10. Sur's 
Altitude when Eaſt, and the ſame when Weſt. 

"I BAC is, - - 

As the Sine of the Latitude, is to Radius, 

So is the Sine of the Reflection, to the Sine Complement of 
the Sur's Zenith Diſtance ; or his Diſtance from the Vertex, in 
this Caſe 63d. 5om. 


. 


- For the Angle OPe, the Hour from Noon, the Proportion, 
or thus ; 
As Radius T. Leg Pc :: Tc. Hypot. OP Sc. Angle OPc. 
As T. 45d. T. 38d. 28m. :: 20d. 12m. S. 17d. oom. or 1h 8m, 
| That is; | | | 
As the Radius, is to the Tangent Complement of the Latitude; 
So is the Tangent of the Reflection, to the Sine Complement 
of the Hour from Noon, when the Sun is due Eaſt, or Weſt; 
In this Caſe he is Eaſt at 8m. after 7 of the Clock in the Fore- 
noon, and Welt at 52m. after 4 in the Afternoon. 
In this Triangle may Problem 18, 19, 20 21, 22 and 23, 
of Section 2. of this Chapter be reſolved. | : 


Problem 4. The ſame given as before in Problem 2. to find the 
Sun's Diſtance from the Vertex; and his Azimuth at the 
Hour of Six. Plate 8. Fig. 1. ; 


Y ; Example. 0 
Latitude 51 d. 32m. N. 2 . „Zen. Diſt. 
Th Sun's Place I 00 65 I ipentT Sedo's Azimuth. 
at Six of the Clock, is required, : | 

I. To delineate this, after the proper Meridian, and Path of the 
Vertex is drawn, as before in Problem 2. Then thro? P, draw a 
Great Circle, at Right Angles with the proper Meridian, to cut 
the Path inb, and in e; and the Horizon of the Earth's Disk in A; 


1 


where it always interſects the Æguator; as the Oblique Circle 5 | 
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% bPe, Able ; which is the Meridian or Hour Circle of 6, ſo that 
b (inthe Path) is the Place of the Vertex at Gin the Morning; 
I and e. its Place when 6 Afternoon. | 
\- 2. Therefore thro? ©, and b; or O, and e, draw a great Circle, 
þ and you will form two Right Angled Triangles b O, or ePOV; 
| one of them is ſufficient to ſolve the Queſtion, being equal Tri- 
angles: If you take the firſt at 6 in the Morning; it follows. 
is In the Right Angled Triangle bP 9. Plate 8. Fig. 1. 
1 1. The Leg Pb; the Diſtance of the Pole from the Vertex, 
or the Complement of the Latitude; in this Example 38d. 28m. 
2. The Leg PO, the Sun's Diſtance from the Pole found by 
Prob. 1. to be 6d. 48m. the Complement of the Reflection. 
; 3. The Hypotenuſe bo, the Sun's Diſtance from the Vertex, 
' .. or Complement of his Altitude at the Hour of 6. 

4. The Angle Pb, his 4zimuth from the North, in all 
North Latitudes, and the contrary in South Latitudes : For in 
what Part of the Path ſoever the Vertex is found, that part of 
the Hour Circle, intercepted betwixt it and the North Pole, of 
the Globe, is the North part of that Meridian, or Hour Circle; 
and intercepted betwixt it and the South Pole, is the South 
part of the Meridian. 

5. For the Hypotenuſe bo the Sur's Zenith Diſtance at the 
Hour of 6, the Proportion (by Chapter 5. Section 4. Problem 5. 
Caſe 14. in pages 129. and 130,) is thus ; 
© Radius S. c. Leg Pb :: S. c. Leg P.. S. c. Hypot. bo 
S8. god. S. 51d. 32m. :: S. 20d. 12m. S. 15d, 41m. Sun's 
Altitude at ö in the Morning or Afternoon. 

5 That is; | 
As Radius is to the Sine of the Latitude; | 
>} So is the Sine of the Reflection, to the Sine of the Sun's 
Altitude, or Complement of his Diſtance from the Vertex, at 
the Hour of 6, 74d. 19m. TT 

| 2. Forthe Angle Pbo, his Azimuth at 6, the Proportion is thus; 
| As Radius S. Leg Pb: : T. c. Leg PO. T. c. Angle Pbo. 


Sun Azimuth from the Eaſt, at b in the Morning,; but from the 

| Welt at 6 in the Afternoon. Fe 
1 That is; 

Di. As the Radius is to the Sine Complement of the Latitude; 

So is the Tangent of the Reflection to the Tangent Com- 

plement of the Sun's Azimuth from the Meridian, at the Hour 


frhe of 6, in this Caſe it's 77d. 07m. from the North; that is, al- 
aw 2 I moſt E. by N. at 6 in the Morning, and near W. by N. at 6 in 
o cut the Afternoon. 
in A; In this Triangle may Problem 12, 12, 14, 15, 16 and 17, of 
cle A Section 2. of this Chapter be ſolved, N 

b a 1 Problem 


| As S. god. S. 38d. 28m. :: T. 20d. 12am. T. 12d. 53m. 


| Pe —— — DIP 164-, 
Ly 
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Problem 5. The Sun in the Equinox, the Latitude of a Place, and 
his Altitude given ; to find his Azimuth, and the Hour of the Day, 


Note; The Sun is ſaid to be in the Equinox, when he is in 
the beginning of V, or ] and then he hath no Declination. 


| Latitude — 51d. M. 83 Sun's Azimuth, 
Ex.The © Altitude 33d. A.M. $5707 3 700 Hour of theDay 
required. To delineate this. Plate 8. Figure 1. 


1 Suppoſing the Sun in the beginning of V, and then the Ho- 
rizon of the Earth's Diſk's is S PK yp, and the proper Meridi- 
an then is VP: The, Sun's Riſing at Lendon is at m, his 
Setting at t, &c. The Path of the Vertex being drawn as be- 
fore in Problem 2. 

2. Then (oy Problem 9. Caſe 2. of Spherical Geometry, in page 
112.) draw a Parallel Circle at 57d. Diſtance from M, to cutthe 
Path in b; the Place of the Vertex of London when it's Diſtance 
from the Sun is 57d. the Complement of the given Altitude. 

3. Draw a Meridian through P and b; as alſo a Great Circle 
through b and V, the Place of the Sun, ſo will you form the 
Triangle VPb, and bPK ; either of them will ſolve the Queſtion: 


8 
In the Right Angle Triangle PKb. Plate 8. Figure 1. 

1. The Hypotenuſe Pb, the Diſtance of the Pole from the Path 
of the Vertex, or Complement of the Latitude, 38d. 28m. 

2. The Leg Kb, the Sun's Altitude, or the Complement of 
his Diſtance from the Vertex, 33 Degrees. 5 

3. The Angle PbK (the Supplement of the Angle Pb, the 
Sun's Azimuth from the North) the Sun's Azimuth from the 
South, in all North Latitudes; but from the North in South 
Latitudes. | 

The Angle bPK, the Complement of the Angle bP V the 
Hour from Noon ) is the Hour of the Day from 6. 

1. For the Angle PbK, the Azimuth from the Meridian, the 
Proportion (by Chapter 5. Section 4. Problem 1. Caſe 1. in pagt 
125.) is thus; N 
As Radius T. c. Hypot. Pb:: T. Leg Kb · S. c. Angle Pbk 
As T. 45d. T. 51d. 32m. :: T. 33d. S. 54d. 49m. the Sun's 
Azimuth from the Eaſt. That is; 

As the Radius is to the Tangent of the Latitude; ; 

So is the Tangent of the Sun's Altitude (when in the Equi. 
nox) to the Sine Complement of his Azimuth from the S 
that is 35d. I1m. S. Eaſterly or S. E. by S.; E. almoſt. 


A For the Angle PbK, the Hour from 6: the Proportion k , 
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As S. Hypot. Pb ** Radius S.:: Leg Kb ++ S. Angle bPK. 
As S. 38d. 28m. ** S. god. :: S. 33d. * 61d. 06m. or 4h. 4m. 
That is; 
As the Sine Complement of the Latitude is to the Radius: 
So is the Sine of the Sun's Altitude (when in the Equinox) to 
the Sine of the Hour from 6. 61d. o6m. equal to 4h. 4m. 
which makes 4m. after Io in the Morning; but had it been in 
the Afternoon, then it's 56m. after 1. 


In the ſame Triangle, 5 Problems more may be reſolved, 


which I leave the Learner to invent. 


Problem 6. The Latitude of a Place, the Sun's Place in the 


Ecliptic, and his obſerved Diſtance from the Vertex given; 
to find his Azimuth, and Hour of the Day, Example. 


(Latitude — 51. 32N Sun c Azimuth Y 
XR 4 Sur's Place I oo. oo given; The- 2 
.C His Altitude 36. oo AM Hour of the Day 9 & 


8a] 
2 


7 


Io delineate this. Plate 8. Figure 1. 

1. Draw a Parallel Circle, 54d. Diſtance from ©, (the Place 

of the the Sun) and where it cuts the Path (of the Vertex) is the 

Place of the Vertex, when it's Diſtance from the Sun is 54d. or 
when the Sun' s Altitude is 30d. as here it doth at 7 and 5. 

4. Thro' 7,andP ; and thro” 7, and O draw Great Circles, 

which will form the Triangle OP?; the like may be done throꝰ 

, which will form another Triangle equal in all its Parts to this, 

5 that one is ſufficient; wherefore obſerve. 

In the Oblique Triangle C)P7. Plate 8. Figure 1. 

1. The Side PO, the Diſtance of the Sun from the Pole, 


found by Problem 1 to be 69d. 48m. the Complement of the 


Reflection 20d. 12m, 
2. The Side P7, the Diſtance of the Pole from the Vertex, or 


the Complement of the Latitude, in this Example 38d. 28m. 


3. The Side O7. the Sur's Diſtance from the Yertex, or the 
Complement of his Altitude in the Forenoon 54d. com. 

4- The Angle P7C), the Sun's Azimuth from the North, 

5. The Angle DOP), the Hour of the Day from Noon. 

The Angles P7G) and OP), may be found 1 Chapter 5. 
Section 5. Problem 11. Caſe 11. of Cbligue Spheric Trigonometry, 
in pages 136, and 137. for here are 3 Sides given; to find an 
Angle, and when wrought you'll find the Angle P/ O 103d. 
12m, the Azimuth, from the North, or 70d, 48m. from the 
South Eaſterly, which makes E. by S. almoſt. 


And the Angle Of is 57d. 04m or 3h. 48m. the Hour from 


Noon, which makes 1 2m. after 8 in the Morning. 
8 


But had it been in the Afternoon, then the Hour would be 


28m. after 3, and the Azimuth 76d. 48m, South Weſterly or 
W. by S. almoſt. P 2 
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In this Triangle may Prob. 1, 2, 3, 4, 5, 6, 7, 8 5 
10 of Section. 3. of this Chapter be ſolved. „ O, 7, 8, 9, 


Problem 7. The Longitude and Latitude of a Star given; tg 
find its Right Aſcenſion and Declination. 


| oF 
Example. Let the propoſed Star be Capella, and ſuppeſing it; 
1 II 18d, ozm. 4 wks ts a Right ere. 9 
Latitude 22d, 52m. Nori / i 7 Declination ? 
To delineate this Problem. Plate 8. Figure 1. 

1. Lay off the Star's Longitude 78d. o2m. (from the Chords) 
on the Primitive Circle, from Y' to y, and draw the Circle of 
Longitude K y. 

2. From the Half-Tangents, lay 67d. o8m. (the Comple- 
ment of the Star's Latitude, or its Diſtance from the neareſt 
Pole of the Ecliptic) on the Circle of Longitude from K to X, 

Fa Thro? P, and &, draw a Meridian, that is a Great Circle, 
and its done. 

Then in the Oblique Triangle K P. Plate 8. Figure 1. 
» Obſerve; | ; 

1. The Side PK, the Diſtance of the two Poles, or Line of 
the Direction of the Earth's Axis always ; 23d. 3om. 

2. The Side K X, the Star's Diſtance from the Pole of the 
Ecliptic, or its Complement of Latitude, equal to 67d. o8m, 

3. The Angle P K X, the Star's Longitude from the Sl. 
ſtitial Colure, in this Problem is 11d. 58m. 

4. The Angle K P X, the Star's Right Aſcenſion from the 
ſame Colure. | 

5. The SideP X, the Star's Diſtance from the Pole of the 
Globe ; or Complement of his Declination. 

So that here are two Sides, and an Angle between them 

green} to find an Angle, and the third Side ; which is per- 

ormed by Chapter. 5. Section 5. Problem g. Caſe 7 and 8, if 

Oblique Spherical Triangles in pages 134 and 135, and being the 

| ſame as Problem 11. of Section 3. of this Chapter, in page 216, 
I leave it to the Learners Working. 


Problem 8. The Latitude of a Place, the Sun's place in the 


of the Ecliptic Culminates in the Meridian; the higheſt Point 
1 in the Ecliptic (called the Nonageſima Degree or goth Degrees, 

of the Ecliptic the Diſtance of each of theſe from the Vertex, 

and the Parallactic Angle, or Angle which the Vertical Circle 
makes with the Ecliptic. | 

It's uſual to find theſe things in the Calculation of Eclip/es, 


and the 77517” paſling over Fixed Stars; which in the Ptolemaic 
Projection 


Ecliptic, and the time of the Day given; to find what point 


K ˙ K „% De 
— — — now 
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Projection, are with much Difficulty ſhewn, but in this moſt 
readily and eaſily repreſented. 


; Example. 
Latitude———51-32N Point Culminating | 
Suns Place N o. given; the Nonageſima Degree 
Hour gh. AM Vertical Diſtance of each 


required. To delineate this. Plate 8. Figure I. | 
I. The Sun's Place, proper Meridian, and Path of the Ven- j 
tex, being drawn as before, draw an Hour Circle, or Meridi- | 4 
an thro” P. 45d. (the Diſtance of the given Hour 9) from the 42 
proper Meridian, as P 9, to cut the Path of the Vertex in 9, | 
and the Earth's Ecliptic in C and in F. | 
2. Thr © 9, and D, draw a Vertical Circle ; and thro? 
EK, and q, draw a Circle of Longitude, to cut the Primitive 
Circle in N, and it's done. For, 

1. C is the Point of the Ecliptic Culminating, or in the Me- 

ridian of the Place, at the given Time. 


2. N is the Nonageſima Degree, or the higheſt Point of the 
Ecliptic, at the ſame Time. 


3. C, andNg, are their reſpective Diſtances, from Lon- 
don's Vertex at that Time. 
4. The Angle NC) 9, is the Parallactic Angle, or Angle which 
the Vertical Circle, makes with the Ecliptic at the ſome Time. 
Then the Rectangle Triangle PSG. | 
1. The Angle CP S, is the Complement of the Right Aſ- 0 
cenſion of the Mid- heaven, or Point of the Ecliptic in the Me- 41 
he ridian of the Place at the propoſed Time, being the Time from 3 
Noon (when Afternoon added to the Sun's Right Aſcenſion, —4 
he found by Problem 1. But when the propoſed Time is in the | 
| Forenoon ſubtracted) in this Caſe is 77d. 11m. the Comple- | 
em ment of 12d. 49m. found by ſubtracting (the Time) 45d. from 4 
yd. 49m. the Sun's Right Aſcenſion. 


2. The LegPS, is the Complement of the Diſtance of the 
Poles of the Globe, and Ecliptic, equal to 66d. 3om. 

3 The Leg C'S, is the Complement of VC, the Longi- 
tude of the Mid. heaven, or the Point of the Ecliptic Culmi- 
| nating in the Meridian, at the propoſed Time. 

4. The Hypotenuſe CP, the Diſtance of the Mid- heaven 
from the next or neareſt Pole of the Globe, at the ſaid Time: 
| 1. For the Leg C S, the Point Culminating, the Proportion 
by vii. ga 5. Section 4. Problem 3. Caſe 7. in page 127 and 128 
rtex, 18 t us; | un 
irck As Radius ++ S. Leg PS:: T. Angle CPS + T. Leg CS. 
As S. god. . S. 66d. 3om. :: T. 77d. 11m. *+ T. 70d. om. 
whole Complement 13d. 58m. is VC; therefore the Mid. he a- 
den is 13d. 58m. | | 
2. For the Hypotenuſe CP. the Proportion is thus; 
24 | Radius 
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Radius. Sc. Angle CPS::T.c.Leg. PS · T. c. Hypotenuſe CP. 
S. god. + S. 12d. 48m, :: T. 23d. 3om. T. 05d, 3om. whoſe 
Complement 84d. 3om. is PC, from which take away Pg, the 
Diſtance of the Pole from the Vertex 38d. 28m. the Remainder 

is 9C, the Diſtance of the Mid- heaven from the Vertex 46d 02m, 
Then in the Oblique T Nang PgK. 

1. The Side PK, the Diſtance of the two Poles 23d. zom. 

2. The Side Po, the Complement of the Latitude of the 

Place, 38d. 28m. 

3. The Angle KPg, the Difference of the Right Aſcenſion of 
the Mid. heaven; and firſt Point of yp; in this Caſe 102d. 48m. 
found by ſubtracting 270 Degrees, out of (12d. 48m, added to 
360 Degrees being 372d. 48m. 

4. The Angle PKg 
the firſt Point of S. 


5. The Side Kg, the Complement of the Nonageſima's 
Diſtance from the Vertex. 

Firſt, For the Angle PKg, the Proportion by Chapter 5. Sec- 
tion 5. Problem g. Caſe 7. in pages 134 and 13 5. is thus, 

1. As the Sine of; the Sum of the Sides Po, and PK, is to 
the Sine of: their Difference. | 
So is the Tangent Complement of; the Angle KP, to the | 
2 of half the Difference of the Angles PKo, and Pok, 
T en, : 

2. As the Sine Complement of: the Sum of the Sides Po, 
and PK, is to the Sine Complement of Half their Difference. 


So is the Tangent Complement of half the Angle KPg, to the 
Tangent of —_ the Sum of the Angles PK9, and PSK. 
T hat 1s, | 


d. m. d. . d m. d. m. 
2 As the S. 30. 59. S. 07. 29. :: T. 38. 36. + T. 11. 25. And 
2 As the S. 59 01. S. 82. 31.:: T. 38. 36. T. 42. 43. Which 
being added, is the Angle PK — — 53. 08. or SN. 
ſubtract from 90. oo. 


Remainder is the Longitude of the Nonageſima 36. 52. from V 
That is, the Place of the e is 6d. 52m. in &. 
Secondly, For the Side Kg, the Proportion is thus; 

As 8. Angle PK. S. Side P:: S. Angle KPg + S. Side Kg. 

As S. 54d. o8m. S. 38d. 28m. :: S. 102d, 48m. . S. 48d. 28m. 

the Diftance of the Vertex from the Pole of the Ecliptic, equal 

to which is the Altitude of the Nenageſima, whoſe Comple- 
ment 41d. 32m. is Ng, its Diſtance from the Vertex. 
Again, in the Rectangle Triangle ONg. 

1. The Leg ON, the Sun's Diſtance from the Nonageſims 


, the Longitude of the Nonageſima from | 


—— 


y ſubſtracting VN 36d. 5am. 
from VO 60d. oom. 2. The 
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2. The Leg No, the Diſtance of the Nonageſima from the 
Vertex; found as before, is 41d. 33m. 

3. The Hypotenuſe O, the Sun's Diſtance from the Vertex. 

4. The Angle No, made between the Verrical Circle and 
the Ecliptic, is the Parallactic Angle + to find which, the Pro- 


E portion (by Chapter 5. Section 4. Problem 5. Caſe 13. in pages 


129 and 130.) is thus, 
As Radius - S. Leg N:: T. c. Leg No. T. c. Angle NTg. 
As S. god. S. 24d, o8m. :: T. 48d. 28m. T. 24d. 47m. whole 
Complement 65d. 13m. is the Parallactic Angle NO. at the 
Sun. 
And for ©g, the Sun's Diſtance from the Vertex, is thus found. 
As Radius S. c. Leg ON :: S. c. Leg No. S. c. Hypot. O. 
As S. od. S. 65d. 52m. :: S. 48d. 4m. S. 43d. 05m. whoſe 
Complement 46d. 55m. is the Sun's Diſtance from the Vertex, 
at the propoſed Time. 

But to calculate the Paralladic Angle, at the Moon, or at a 
Star, that has Latitude from the Ecliptic, it will require a little 
more Labour, as in the next Problem. 


Problem 9. The Latitude of a'Place, Sun's Place in the Ecliptic. 
Time of the Day or Night, and the Longitude, and Latitude of 
the Moon, or of a Star, being given; to find the Parallactic 
Angle at the Moon, or at the Star; andits Diſtance from the 
Vertex. | 


Example. 
Latitude - 51.32.N 
Sun' Place I o. oo. Parallact. Ang. 
Hour gh. A.M. given The and reg. 
Star Capella Lon. 18.02. 1T\ Vertical Diſt. ( 


Its Latitude 


22. 52. N | 
To delineate this. Plate 8. Figure 1. 

1, Lay off the Sun's Longitude, and draw the proper Meri- 
dian Path of the Vertex, the Hour Circle according to the pro- 
poſed Time, the Vertical Circle, and Circle of Longitude, in all 
reſpects as before in Prablem 8. 

2. Lay off the Star's Longitude and Latitude, as before in 
Problem 7. and then is N the Place of the Nonageſima, g. the 
Vertex, and & the Star's Place. | 

3. Through &, and q, draw a Circle, and it's done. 

For &, is the Star's. Diſtance from the Vertex; and the 
Angle K, the Complement of the Parallactic Angle requir- 
ed: In order to the finding them by Calculation, do thus; 

Firſt, Find the Place of the Nonageſima by Problem 8, which 
in this Caſe is & Gd. 52m. or V N. 36d. 52m. | 

Secondly, The Nonageſima's Diſtance from the Vertex, in 
this Caſe Ng. is 41d. 321. Then 


* 


} 
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Then the Oblique Triangle & Kg, obſerve, 


1. The Side KF, the Star's Diſtance from the next Pole of 


the Ecliptie or the Complement of its Latitude; 67d. o8m. 
2. The Side Kg, the Diſtance of the Vertex from the ſaid 


Pole, which is equal to the Altitude of the Nonageſima, 48d. 


28m. found by Problem 8 Ps 

3- The Angle KKg, the Difference of the Longitude of 
the given Star, and the Nonageſima; and in this Example is 
_ Iom. and is the Difference of VN 36d. 52m. and Y y 

8d. 02M. | 
, 4. The Angle K), the Complement of the Parallactic 
Angle, at the given Star. 

5. And the Side , the Star's Diſtance from the Vertex. 

Firſt, To find the Angle K, the Proportion by Chapter 5. 
Section 5. Problem g. Caſe 7. in pages 134 and1351s thus. 

1. As the S. of half the Sum of the Sides KF, and Kg; is 
to the Sine of 2 their Difference; So is the Tangent Comple- 
ment of © the Angle XKg; to the Tangent of * the Difference 
of the Angles Ko and KXg. Then, 

2s the Sine Complement of 7 the Sum of the Sides K, and 
Kg; is to the Sine Complement of ; their Difference: 

So is the Tangent Complement of: the Angles XK; to the 
Tangent of, the Sum of the Angles Ko, and KFg. 

That is ; 
d., m. d. m. d. m. d. m. 


1. As the S8. 57.48. S. 9. 20. :: T. 68.55. T. 26.26. And, 


2. As the S. 32.1 2. S. 80. 40. :: T. 68.55. T. 78.14. They 
being ſubtracted gives the Angle Kg 51.48. whoſe 
Complement 38d. 21 m. is the Parallactic Angle at Capella, 

Secondly, To find * the Vertical Diſtance, the propor. is thus, 
As S. Angle K*g. . S. Side Kg. ::S. Angle *Kg. . S. Side . 
As S. 51 d. 48m. S. 48d, 28m. :: S. 42d. 10m. S. 39d. 45m. 

The Diſtance of the Star Cepella from the Vertex at the 
Time propoſed. 

I might proceed to other Problems, and ſhew how they are 


formed and repreſented in this Projection, but I leave that for 
the Learner's Exerciſe. 


I paſs by what (at firſt) I intended, which was the Orthogra- 


phical Projection of the Globe; whereby the Moon's Appulſes 
to the Sunor Stars, and all the Appearances of an Eclipſe, Oc- 
cultation or Tranſit, are repreſented to the Eye: Uſeful to find 
the Longitude of Places, on the Globe of the Earth, a Thing 
much talk'd of greatly deſircd, and by ſome pretended to 
be found, tho? not made known, and I believe will never 
be made practicable at Sea. However, by this Hypothe- 
ſis, with accurate Tables of the Moon and Stars Places; and 
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a way of taking an Altitude or an Angle at Sea unto two or three 
Minutes ; it might be made uſeful to obſerve for Longitude, 
and therefore it's highly worthy of our Seamar's Study, but 
without ſuch Altitudes, it will not find the Longitude unto two 
or three Degrees: and for Encouragement thereunto the Co- 
vernment hath by an Het of Parliament promiſed Thouſands of 
Pounds; and for the Learner”s help herein, I am ready to com- 
municate all the Aſſiſtance I can elſewhere ; for here's now no 
Place for it, leſt the Book (ſwelling too big) ſhouldbe deform'd. 

And note; theſe two Figures in Plate the 8h, are a Repre- 
ſentation of the two Hemiſpheres before deſcribed in Chapter 6. 
Section 4. in page 166 and 167. So that in thoſe larger, all theſe 
Problems might be more exactly formed, and their Requilites 


more truly meaſured ;. and if the particular Circles belonging to 


any Problem, ſuch as the proper Meridian, other Meridians, or 
Hour Circles, Path of the Vertex, Circles of Longitude, and Vor- 
tical Circles, to a particular time, &c. were drawn with Black 
Lead, they might be wiped out at pleaſure, and the Hemiſpheres 
no way damnified. 

And when any Circle happens ſo large as not eaſily to be 
drawn, or ſtruck with Compaſſes it may be done with a Bow 
of the length of the Diameter of the Hemiſpheres; ſuch bein 
well made with 3 Screws, by their turning, will riſe up to fora 
Circles, that may (in the Projection) be required to be drawn. 


_ | 


— 


CHAP. X, Of the Variation of the Compaſs, what it is, 
how to find it, and how to rectiſy the Compaſs thereby. 


DP Efmition 1. Variation of the Compaſyis an Arch of the Hori. 
z0n contained between the Meridian of the Place, and the 


Magnetical Meridian; it's either Eaſt, or Weſt, and never ex- 


| ceeds 90 Degrees. 


2. Eaſt Variation, is when the North part of the Magnetical 
Meridian lieth Eaſtward of the North part of the Meridian of 


the Place; but if to the Weſtward, then its called % Varia- 


nion. 


3. Mag netical Meridian, is a great Circle paſſing thro? or by 


the Magnetical Poles; to which Meridian the Compaſs (if not 
otherwiſe hindered) hath reſpect. 


4. Magneti cal Poles, are two moving oppoſite Points, makin 


9 their Revolution about the Poles of the World (as Mr. Bond ſaith 
mn his Longitude found, page 7.) in 600 Years in a Circle 8d. 
Zom. diſtant therefrom ; and their Motion (as he faith is the 
| Cauſe of the Variation of the Compaſs. 


| 5. The Variation of the Compaſs is found by an Amplitude, or. 
m Azimuth, | 


K To 


GG. 


tained between the Sun (at his Riſing, or Setting) and the Eaſt 


the Sun and the Eaſt, or Weſt Points of the Horizon ; and is 


At Sun Riſing 3 1. 


16 Degrees 1 and the Magnetical Amplitude Weſt 9 
ot 
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6. To find the Variation by a Amplitude, you muſt know 
the Latitude of the Place, the Declination, and Magnetical 
Amplitude of the Sun. | 

7. Magnetical Amplitude. is an Arch of the Horizon, con- 


or Welt Points of the Compaſs ſteered by : Or, it's the appa- 
rent Riſing, or Setting of the Sun from the Eaſt, or Weſt Points 
of the ſaid Compaſs, and is found by obſerving the Sun, either 
at his Riſing, or Setting by an Amplitude Compaſs. 

8. Amplitude, is an Arch of the Horizon, contained between 


found by Chapter 9. Section 2. Problem 4. in page 199 and 200, 
which I call the True Amplitude. f 
9. If the two foreſaid Amplitudes agree; that is, the Magnetical 
and True Amplitude 8 is ſeldom) there is no Variation; but 
if they Differ, their Difference rightly counted is the Variation. 
Note here: If you always count both Amplitude from the 
North; then this 1s a General Rule. 4 


A* rica! : Amplitude greateſt, the 
Fari ation is 3 — 5 But at Sun Setting it's j 20% 5 
Example 1. At Sun Riſing, ſuppoſe the True Amplitude be 

Eaſt 33 Degrees Northerly, and the Magnetical Amplitudes 

Eaſt 17 Degrees Northerly, then counting both theſe from 

the North, the True Amplitude will be North 57 Degrees Eaſt. Z 

erly, and the Magnetical North 73 Degrees Eaſterly ; the 

Magnstical is the greateſt, and the Difference is 16 Degrees, 

which is the Variation Weſterly : If this had been at Sun-ſet- 

ting, the Variation would then be Eaſterly. | 4 

Example 2. At Sun-ſetting let the True Amplitude be Weſt 


h counted from the North, the True 


Degrees Southerly; * 
4 


Amplitude is North 74 Degrees jets gh and the Magnetical 
is 99 Degrees from the North, and is the greateſt ; their Dif- 
ference is 25 Degrees, which is the Variation Eaſterly. ; 
| Or thus, in theſe two Rules: 1 
1. The Amplitudes both North, or both South; their Diffet- 
ence is the Variation : But one North, the other South, theig 
Sum 1s the Variation. | 4 
2. Both the Amplitudes (before your Face) from you, if the 
True Amplitude be to the Right-hand of the Magnetical, thi 
Variation is Eaſt ; but when it's to the Left-hand, then thE 
Variation is Weſt. | ö 
Theſe Rules will be exemplified in the Problems and Exa 
ples following. | ; 
1 
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problem 1. The Latitude of the Place, the Declination, and 


Magnetical Amplitude of the Sun given; to find the Varia- 
tion of the Compals, 


| Example. 
Latitude 51d. 32M. 3 
Je Sun's Declinaeion 20 10 8 


Magnetical Amplitude 17 OA. M. ee 
To delineate the Problem Orthographically, Plate . Figure 1. 
1. Deſcribe a Circle and Quarter it; on whoſe Diameter's 


place W. N. E. and S, (but always) A at the Right Hand, and 
A at the Center of the Circle. 


2. Lay the Lat. if 133 : from : 5 3 upwards to 15 


and the ſame way laid from W. to , and draw the Axis 
pal, and the Equinoctial AQ. 
3. By laying the Chord of the Declination on the Primitive 
Circle, from the Equinoctial, draw the Parallel of Declination 
parallel to it, as rhe ſtrait Line Ce, to cut the Horizan SAN, in 
C, the place of the Sun's Riſing, or Setting. 

4. Meaſure AC on the Line of Sines, ſheweth the Sun's 
True Amplitude North, if the Declination be North : But 
South when the Declination is South. 


5. Draw the Line CF, parallel to WAE (downward when its 
A. M. but upward if it be P.M.) to cut the Primitive Circle in F. 


6. Lay the Magnetical Ampl. if3 x", 5 from we to 
> G, on the Primitive Circle, towards N, if it be North; but 
towards S, when it is South, 
. The Diſtance from G to N, laid (the ſame way) ftom F 
to Falſe North, which is now the North Point of the Compaſs, 
and it's done. | 
= For the Diſtance from N to Falſe North, meaſured on the | 
Scale of Chords, is the Variation Required. | 
| To find the True Amplitude, the Proportion by Chapter 9. 1 
Section 2. Problem 4. in page 200, is thus; 
As S. c. Latitude. Radius:: S. O' Declinat... S. O Amplit. 


85 P | 
As S. 38d. 28m. . 8. = : S. 20d. Iom. N.. S. 33d. 40 North 
8 : m. 


i : |. m. 
True Amplitude EF 33. 40. E. N. or NF 56. 20. North Eaſterly- 


Magnetical——EG 17* 10. E. N. or NG 72. 50. North Eaſterly 
Subtract gives the Variation to be 16. 30. Weſt, 
Example 2. d. m. | 


Latitude— ———— 40. 50. North 
They Sun's Declination 10. 19. ar. h A.M given; Var. reg. 
An 


Magnet Amplitude 1 5, 10. 
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Anſw. The true Amplitude is 13d. 42m. Eaſt Northerly, 
found by the foreſaid Proportion, by which the Variation is 
thus found. ” = 

m. Z 


| m. 
True Amplitude EF 13. 42. EN. or NF 56. 18. N. Eaſterly 
Magneticat——EG 15. 10. ES, or NG 1045, 10. N. Eaſterly 
Subtract, gives the Variation to be W. 10. Weſt 
The following Examples are for the Learner's Exerciſe, and 
are wrought by the foreſaid Directions and Rules. 
Example 3 d. m. 
| Latitude 13. 10 North 
The 3 Sun's Declination 15. 40 South given; Var. Requir' d. 
Magnet, Amplitude 9g. 128. P. M. 
Anſw. eee to the foreſaid a „ It's as follows: 
1 n. 
True Amplit. WF 16. 6. W. S. or NF. 106 06 N. Weſterly 
Magnetical WG 9. 12. W. S. or NG. 99 12 N. Weſterly 
Subtract gives the Variation 6 54 Weſt. 
Example 4. d. m. 
Latitude = 50 40 
The < Sun's Declination 19 50 
Magnet. Amplitude 5 15 P. M. 
Anſw. The Variation is 25d. 47m. Welt. 
Example 5. 5: 5s 


_ given, Variat. reg. 


Latitude 21 30— ; 8 
The Sun's Declination 17 > North 5 wont, 4 N 
Magnet. Amplit. 10 19 South P. M. 35 8 
Anſw. The Variation is 29d. 39m. Eaſt. 
Example 6. "OO 
Latitude 25 30 South 
The 4 Sun's Declination 18 12 North given; Variat. Requir'd 
Magnet. Amplit. ꝙ 50 S. A. M. 
Anſio. The Variation is 30d, om. Welt. 


Secondly, To find the Variation of the Compaſs by an Ai- 


maß. Obſerve theſe following Definitions. 
1. Magnetical Azimuth, is an Arch of the Horizon contained 
between the San's Azimuth Circle, and the Magnetical Meridian. 
Or it's the apparent Diſtance of the Sun from the North, or 
South Point on the Compaſs; and it's found by obſerving the 
Sun by the Azimuth Compaſs, either iu the Forenoon or After- 
noon, when he is about 5 or IO Degrees high; £ 

2, Azimuth, is an Arch of the Horizon contained between the 

Azimuth Circle paſling over the Sun, and the Meridian of the 
Place, which I call the True Azimuth, and is found by Chapter 
9. Sect. 3. Problem 1. of Aſtronomy, in pages 21 2 and 213. 

3. If the ſaid Azimuths agree; that is, if the True Azimuth 
and Magnetical Azimuth agree, there is no Variation; 5 if 
they 
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they differ, their Difference is their Variation; which, rightly 
to account, obſerve this General Rule. 


Reckon always both Azimuths (like as I ſaid for Amplitude 
in page 253.) from the North. 


In the Forenoon the — dat 5 Azimuth greateſt, the 
Variation is E : But in the Afternoon its — 7 


Example 1. In the Forenoon, ſuppoſe the true Azimuth from 
the North to be 8o Deg. and the Magnetical Azimuth at the ſame 
Time to be 101 Degrees, the Magnetical is the greateſt; and 
their Difference 21 Degrees is the Variation of the Compaſs 
weſterly; but eaſterly, had it been in the Afternoon. 

Example 2. In the Afternoon, let the true Azimuth be 115 
Degrees, and the Magnetical Azimuth 101 Degrees, their Dif- 
ference 14 Degrees is the Variation weſterly, but eaſterly had 
it been in the Forenoon. | | 

Or thus, by the Rules following. 

1. Always count both Azimuths from the North, in North 
Latitude ; but from the South in South Latitude. 

2. The leſſer Azimuth ſubtract ſrom the greater, gives the 
Variation. 

3. Placing both the Azimuths (before your Face) from you, if 
thetruc Azimuth be to the Right-hand of the Magnetical, the Va- 
riation is Eaſt. But if to the Left-hand the Variation is Weſt. 


Theſe Rules will appear plain, in the working the Examples 
of the next Problem. | 


Problem 2. The Latitude of the Place, the Sun's Altitude, Sun's 
Declination, and his Magnetical Azimuth given, to find the 


1 Variation of the Compaſs. 
Example 1. 
Latitude 51. 32 North 
3 The Sun's Altitude 11. 30 A. M. given : Variation 
| Declination 15. Io North C required, 
4 | Magn. Azim. 101. 10 North | 
. Io delineate the Problem Orthegraphically, Plate 9. Hg. 2. 
r N x. Deſcribe a Circle, Quarter it, lay off the Latitude, draw 
e | the Equinoctial, Axis, and Parallel of Declination; in all re- 
7 | ſpects as before directed (in Problem 1. page 235.) eoncerning 
nan Amplitude. 
he ' 2. By laying the Chord of the Sun's Altitude on the Primi- 
de dive Circle from the Horizon SAN ; draw the Parallel of Alti- 
ter | tude parallel to the Horizon SAN; as the Line a C b, to 


. ANI 


cut the Parallel of Declination d Ce, in C; the Place of the 
th Sun at that Time, | 


if 3. Draw Ch parallel to WAE, downward when its A.M. 
ey but upwards if it be P.M. till it meet an Arch (made with half 


the = 
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the Parallel of Altitude) from the Center (of the Primitive 
Circle) A, and cutteth the ſaid Arch in h 

4. By A and h, draw a Line, to cut the Primitive Circle in F; 
then NF, or SF, meaſured on the Scale of Chords ſheweth the 
Sun's true Azimuth. | 


5. Lay the Magnetical Azimuth (if 3 mor 5 Latitude) 


from ] 1 : (towards 0 5. : when it is 3 3 5 to G on 
the Primitive Cir. But if 14 Ml © towards 4 to the ſaidG 
6. The Diſtance from G to N, laid (the ſame Way) from F to 
Falſe North, which is now the North Point of the Compaſs, 
and it's done. | 
For the Diſtance from N to Falſe North, meaſured on the 
Scale of Chords, is the Variation of the Compaſs required. 
Then to find the true Azimuth, the Proportion by Chapter g 
Section 3 Problem 1 in page 211 and 212. is thus, 
, d. m. d. m. d. m. 
9o. oo 90. oo O. oo 
Latitude 51.32 N. S Alt. 1I. 30 A. M. & Decl 15. 10 N. 
Compl. Latitude 38. 28 Com. O Alt. 78.30 © di/t. fr. pole 74.50 
Compl. Altitude 78. 30 Radius S. c. Lat. :: Sc. © Al, a ꝗth Sins 
©-4diſt.frompole74. S0 S. god. S. 38. 28.:: S. 78. 30. : S8. 37-3, 
m5 : 19948 Then again. 
The 2 Sum is— 95-54 gth Sine. S. 2 Sum :: S. Rem.: a 5th Sint 
The Remainde .o S. 37.33. S. 95.54. : 8.21. 4. : S. 95.55 
And againſt S. 35. 55 on the Verſed Sines is the 
©'s True Azimuth — god. 02m. North Eaſterly 
©'s Magnetical Azimuth 101d. Iom. North Eaſterly. 
Subſtract giveth theVariation 21d. o8m. Weſt. 
And tor the Learner's Practice, take theſe following Exam- 
ples, whoſe Anſwers are found by the Rules foregoing, 


Example 2. d. m. 
| Latitude N 13 10 North 
ht. Altitude —— 17 50 A M. (given: Variation 
Sun's 4 Declination—106 89 South C required. 
Magnet. Azim.90 10 North | 
d. m. d. m. d. m 
00 90. co 99,00 
Latitude ————13.10N.©'sAlt.17 50. A. M. O' Decl. 1 659.8. 


Comp. Latitude Jö. 50 Comp. Alt- Ji. 0. O' dift.fr. Pole-100.59 Þ 


Comp. © Altitude72, 10 Radius” S. e. Lat. :: Sc. O's Alt.at ꝗtli S/ ne 


O' diſt. from pole 106. 59 S. god. S. 76. 50: : S. 72. 10" S. 67. 58, 
Sum is 255.59 Then again, 


The a Sum. 127.594th Sine · · S. * Sum: : S. Reni. a5th Sn, 


The Remainder is 21,00 S. 67.48. S. 127. 59:: 821.008. 17 Pe 
| Mo 8 n 


3 
1 
1 
. 
WF 
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And again S. 17.45. on the Verſed Sines, is the 
O's true Azimuth: - I 13d. oom. North Eaſterly. 
©'s Magnet. Azimuth god. tom, North Eaſterly. 


22d. 5om. Eaſt. 


gubtract giveth the Variation- 


Example 3. d. m. 
Latitude —— 28 40 North 
Altitude 20 19 P. M. given: Varia- 
The-) Sun's 2 Declination — 19 12 South ( tion required. 
1 Azim. 1 29 50 North 
G BH Anſwer. By the foreſaid Directions, the 
o co's true Azimuth 127d. 02m. Nor. Weſterly. 
„ 8's Magnetical Azimuth 129d. 50m. Nor. Weſterly, 
de W Subtract giveth the Variation 2d. 48m. Eaſt. 
| Example 4. d. m. 
a Latitude 50 40 South 
' Altitude 


Th 25 10 P. M. (given: Varia- 
) Sun's 4 Declination— 23 30 South (tion required. 
Magnet. Azim. 1 oo 20 South 
Anſwer. The Variation is 17d. 20m. Welt, 


Example 50 | d. m. 1 
Latitude ee 23 10 Sout 
h Altitude- 10 er Vart- 
The) gun's 2 Declination 23 30 South 3H FORD 
Magnet. Axim. - 102 40 South Y- 

Anſwer. The Variation is 18d 32m. Weſt. 

Example 6. d. .. 
N Latitude ! 37 45 South 
| The Altitude — 18 20 P. M. (given: Varia- 


Sun's 4 Declination — 20 15 North (tion required. 
| Magnet. Azim. 115 40 South 
cam. Anſwer. The Variation is 20d. 1 2m. Eaſt a 
But the Variation may be found moſt readily by an Inſtru- 
ment called a Recti fer, whole Deſcription is as follows; 
This Inſtrument conſiſteth of two Parts, which are two Cr- 
ation cles laid one upon another, and ſo faſtned together in their Cen- 
| ters, that they repreſent two Compaſlles, one fixed, the other 
moveable ; eachof them 1s divided into the 32 Points of the 
d. m. Compaſs, and 360 Degrees, and numbred both ways, from the 
99.00 North, and from the South; ending at the Eaſt and Weſt, in 
559.8. 90 Degrees. 


00.50 The Fixed Compaſs, repreſents the Horizon, in which the 
r1:Sne ! North, and all the Points of the Compaſſes are fixed, and im- 
67.58, | moveable, 

The 
th S'ne 
17.45, 


And 


1 
12 
» 
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true Courſe required. 


re 


The moveable One, repreſents the Mariner's Compaſs Steer. 
ed by, in which the North, and all other Points are liable to 
Variation. 

In the Center of the moveable Compaſs, is faſtned a Silk 
Thread, long enough to reach the Outſide of the fixed Com. 
paſs 3 But when it's made of Wood, there is an Index inſtead 


thereof : The Uſe is as follows, 


t. To nd the Variation by the Rectifier. 
Note; Thoſe Degrees numbred from the North, and the 


South, towards the Eaſt, are termed the Right Hand; and 


the others towards the Welt, are called the Left hand. 

Example 1. At Sun-riſing ſuppoſe the true Amplitude 57d. from 
the North, and the Magnetical 73d. What is the Variation f 
the Compaſs, and which way ? 

Place 73d. (from the North ) on the Right-hand inthe move. 
able Compaſs, to 57d. (from the North) on the Right-hand in 
the immoveable Compaſs; then the North Point of the move- 
able Compaſs, will ſtand at 16d. of the Left-hand in the im- 
moveable Compals, which ſheweth the Variation of the Com- 
paſs is 16 Degrees Weſt. | 

Example 2. In the Afternoon, let the true Azimuth be 80 De- 
grees from the North, and the Magnetical 101 Degrees. What is 
the Variation of the Compaſs, and which IWay ? 

Place 101d. from the North: That is 79d. from the South on 
the Left-hand in the moveable Compaſs, to 30 deg. from the 


North, or Left-hand in the moveable Compaſs ; then the 


North Point in the moveable Compaſs , ſtands at 21d. on the 
Right-hand in the immoveable Compaſs, which ſhews the Vari- 
ation of the Compaſs to be 21 Degrees Eaſt. 

Always counting Amplitude at Sun- riſing, and Azimuth in 
the Forenoon, to the Right- hand, or towards the Faſt ; but at 
Sun-ſetting, and in the Aſternoon, count them to the Left-hand 
towards the Weſt. 

2. To Reffifie the Courſe by the ReCtifter. 
This Propoſition hath two Caſes. 
Caſe. t. The Variation of the Compals, and the Courſe ſteered, 
| being given ; to find the true Courſe. 

Example 1. Suppoſe the Variation be 21 Degrees Eaſt, and 
the Courſe ſteered 5 the Compaſs is N. E. by N. I demand the 
true Courſe, the Variation being allowed. 

1. Place the N. Point of the moveable Compaſs to 21d. from 
the North on the Right-hand, in the immoveable Compaſs. 

2. Lay the Thread or Index (which is faſtned in the Center) 
over the N. E. by N. Point in the moveable Compaſs, keeping 


it ſtraight out; then in the moveable Compaſs the Thread or 


Index, will lie in 56 Degrees , Or near N. E. by E. which is the 


Example 


"= 


to 
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Example 2. The Variation 14 dep. Weſt, and the Courſe by 


the Compaſs, E. S. E. I demand the Ship's true Courſe, 

1. Place the North in the moveable Compals, to 14 Degrees 
Weſt, in the immoveable. | 

2. Stretch out the Thread, or Index, over E.S:E. in the 
moveable; and it will lie on 82 Degrees in the immoveable Com- 
paſs, or E. by 8. 4 E. the true Courſe required. 
Obſ. 2. The Variation of the Compaſs and the true Courſe given; 

to find the Courſe by the Compaſs. 


Example. The Variation 21 deg. Eaſt, and the true Courſe I 


% 


* ſhould ſteer is N. F. by E. What Courſe muſt'T ſteer by the Cam- 


paſs, to allow the Variation. 
1. Place the North in the moveable Compaſs to 21 Degrees 


| Faſtin the immoveable Compaſs. 


2. Stretch out the Thread over N. E. by E. in the immove- 
able Compaſs, and then in the moveable Compaſs, it will lie 
on 35 Degrees, or near N. E. by N. the Courſe you muſt ſteer 
to allow for the Variation of the Compaſs. | 

Here I thought to deſcribe the Azimuth Compaſs, and how 
to obſerve by it; but conſidering it's an Inſtrument eaſily un- 


| derſtood, that Diſcourſe may be ſpared: - 


* tl —_— * 


An 4 


| CHAP. XI. Of an Obſcrvition, either of Sun, or 


Star, what it is, bow, or with what, and when bis 
taken, and finding the Latitude thereby. 


1. AN Obſervation, is the finding either the Sun's, or Star's Me- 


ridian Altitude (at Sea) with a Quadrant, or with a Croſs 


Staff: 2 HT | 
2. Meridian Altitude, is the Height above the Horizon of the 
Sun or Star, they being upon the Meridian of the Place of Ob- 


ſervation; and that the Sun is every Day at Noon, but the 


Stars at different Times, according to the Differing of their 
leveral Right, Aſcenſions from the Sun's Right Aſcenſion. 


3. A Quadrant is an Inſtrument whereby the Sun's Altitude 
(only at Sea) is found. | Ns > 
4. A Crols-ſtaff or Fore-ſtaff, is an Inſtrument whereby Ma- 
Fners find either the Sun, or Star's Altitude. The particular 
Pelcription of theſe Inſtruments I here omit, having done it 
largely in the Mariners Compaſs Redtified; to which Book I 
gefer the Learner, and will now ſhew how to find the Lati- 
We after you have obſerved, which is called, working an Ob- 
Krvation, and that in this one Propoſition. | 
Fropoſition. The Meridian Altitude of any heavenly Object, and 
Declination given; to find the Latitude of the Place of oe 
| 2 n 


4 75 at l on. 
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In this Propoſition are two Caſes. 
Caſe 1. Where, or when the Object obſerved doth both Riſe and 
Set in 24 Hours, The Rules are theſe, 
Rule 1. The Meridian Altitude, and Declination of one king 
that is, both North, or both South; the Difference of the 2e. 
nith Diſtance, and the Declination, is the Latitude required, | 
Mete, When the Declination is greater than the Zenith Di. 
ſtance, the Latitude is of the ſame Name; but if leſs, then gf 
a contrary Name to the Declination. 
Rule 2. The Meridian Altitude and Declination of contrary 
Names; that is, one North, and the other South. The Sum 
of the Zenith Diſtance, and the Declination, is the Latitude te. 
quired. of the ſame Name with the Declination. 
Note 1. By Meridian Altitude South, I mean the Object cb. 
ſervedis to the Southward of the Obſerver; and when Non, 


1 


then to the Northward of the Obſerver. 
Note 2. By Zenith Diſtance, underſtand the Complement ct b 
the Meridian Altitude, of Object obſerved. | 
Example 1. On the 20th of May 1731, the Sun's Meridian 8 
Altitude 61d. o8m. South; and his Declination 21d. 5am. 
North, What is the Latitude of the Place of Obſervation? 0 
: d. m. : It. 
The Sun's Zenith Diſtance- — 28 52 South 
Sun's Declination- —— — 21 54 Nom , be 
The Sum (by Rule 2) is Latitude required. 50 46 Nom 8 
Example 2. On the 1ſt of Zuly 1731, the Sun's Zenith D. Þ / Fa 
ſtance being 11d. 5om. North, and his Declination 22d. 580. bh 
North. What is the Latitude of the Place of Obſervation? ! 801 
| d. m. | 
From the Sun's Declination ——- - 22 58 Nami 1, 
Subtract the Sun's Zenith Diſtance ———— 11 50 Nom, bet: 
The Remainder is the Latitude required 11 08 Nom war 
Example 3. On the 3d of June 1731, the Sun's Zenith Di the 
Nance being 29d. 1 5m. South, and his Declination then 23d. In y 
North. What is the Latitude of the place of — Star 
a | d. m. Sou 
To the Sun's Zenith Diſtance 29 15 


Add his Declination — 1111 ; 

The Sum (by Rule 2.) is the Latit. required 52 32 Noe 

Example 4- On the 20th of March 1731, the Star Fomelfuf con 
being obſerved, and his Zenith Diſtance 20d. 17m. North, i 
Star's Declination (in page 164.) is 31d. 19m. South. What i 
the Latitude of the Place of Obſervation. 1 


To the Star's Zenith Diſtance = | 
| Add the Star's Declination — 
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The Sum is the Latitude required 51 36 South 

Example 5. The 3oth of March 1731, the Foot of the Co- 
' fiers (by ſome called the coc Foot) a Star muchuſedin Southern 
Voyages, being obſerved, his Meridian Altitude was 48d. o6m. 
South; this Star's Declination (in page 164) is 61 d. 15m. South, 
What is the Latitude of the Place of Obſervation ? 


£.. 40d 


2 * 
e 
. 


d. m. 
From the Croſiers Declination . — 61 15 South 
Subtract his Zenith Diſtance—— 41 54 South 


The Remainder is the Latitude required. I9 21 South 

Caſe 2. Where or when the Object ebſerved doth neither Riſe nor 
Set in 24 Hours; that is, doth not in the Diurnal Motion, move 
h-low or under the Horizon. 

Note 1. In ſome Parts of this Earthly World, both the Sun 
and Stars do not riſe nor ſet, but are above the Horizon, and 
upon the Meridian of the ſame Place twice in the ſpace of 24 
Hours; and this laſteth. but for ſome part of the Year with the 
Sun, but always with ſome Stars. 

Ncte 2. Where the Sun, or a Star, doth neitherriſe nor ſet, it 
cometh upon the Meridian below or under the Pole; and then 
its at the leaſt Meridian Altitude. 

Note 3. Some Stars in ſome Places come upon the Meridian 
both below and alſo above the Pole; that is between the Zenith 
and the Pole; and then it's at the greateſt Meridian Altitude. 
Note 4, Where a Star cometh upon the Meridian both below 

and alſo above the P ole, it's always to the Northward, both in 
its leaſt and greateſt Meridian Altitude, or elſe always to the 
Southward. 


1 Note 5. Again there are ſome Stars come upon the Meridian 
Nom HRC 


between the Zenith and the Equinoctial; and alſo tothe South. 
ward, and below the Pole; and to the Northward between 
the Zenith and the Equinoctial. 
Note 6. Where the Sun cometh to the Meridian below, or a 
Star both above and below the Pole, the Latitude of that Place 
3 if of the ſame Name, with the Sun, or Star's Declination: That 
is, if the Sun or Star's Declination be North, the Latitude of 
the Place is North; but South, when the Declination is South. 
= Note 7. For theſe Stars which never come (the Sun never doth 
eome) to the Meridian above the Pole, at their ret et Meridian 
zi Altitude, the former two Rules ſerveth for to flad the Latitude. 
Ten to find the Latitude of the Sun under the Pole, or Star's 
both under and above the Pole. The Rules are theſe. 
Kue 3. The Object obierved, being on the Meridian below 
me Pole the Sum of the eridian Altitude and Complement 
Pf the Declination, is the Latitude required, of the fame Name 
"ith the Declination, 


Q 2 Rule 4 


to the Northward, and below the Pole; and to the Southward 


—— 


—— 
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was obſerved under the Pole, its Meridian Altitude 21d. 25m, 


Zoom. North: What is the Latitude of the Place of the Obſerver! 


— 2 — — — f * — * 
3 - 8 — x 
| 
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Rule 4. The Object obſerved, being on the Meridian above 
the Pole, the Difference of the Meridian Altitude, and the 
Complement of the Declination is the Latitude required, of 
the ſame Name with the Declination. 

Example 1. Auguſt 1ſt 1731, the Sun's Meridian Altitude be. 
low the Pole, or under the Pole, was found to be 5d. zom. 
and his Deelination 8d. 37m. North; What is the Latitude gf 
the Place of Obſervation ? di. m. 

To the Complement of the Sun's Declination 81 23 North 

Add his Meridian Altitude below the Pole 5 30 


8 de 


ridian Altitude was obſerved to be gd. Iom. this Star's Deelj. 
nation (in page 164.) is 1 5d. 50m. North; What is the Lal. 
tude of the Place of Obſervation? d. m. 
To the Complement Bull's Eye Declination 74 10 North 
Add his Meridian Altitude under the Pole O9 10 


The Sum (by Rule 3.) is the Latitude 83 20 North 
Example 3. On June the 25th 1731, the Foot of the Ce 


the Declination of this Star (in Page 164.) is 61d, 15m. South: 
I demand the Latitude of the Place of Obſervation ? 


d. m. 
To the Complement of the Star's Declination 29 45 Souti 
Add his Meridian Altitude = 21 25 
The Sum (by Rule 3.) is the Latitude 51 10 South 


Example 4. The 17th of February 1731, the Northern Pointe. 
of the Great Bear came to the Meridian above the Pole, and his 
Meridian Altitude was 56d. 10m. this Star's Declination is 63d. 


| d. m. 
Fromthe Star's Meridian Altitude above the Pole 56 10 
Subtract the Complement of his Declination 26 30 North 


Remainder (by Rule 4.) is the Latitude 


Chap* XII. A Sea-Reckoning, or Journal, what it is ail 


the Manner bow it's kept, Directions to corrett it, will 
an Example, and ihe Explanation thereof. 


E i H E keepiug a good Reckoning or Journal, is not only 
the Mariners Reputation, but (under God) the Preſerva- 
tion of a Ship, and all in it; the ignorance thereof has been, 


(if not the Only, I may ſay) the chief Cauſe of loſing dive! 


Ric 
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Rich Ships, and many dear Lives, and thence the Impoveriſh- 
nung of ſeveral Families. 
ben certainly, it ſhould be their great Concern, to be ex- 
ert herein, who take on them the Navigating Ships to remote 
laces, when ſo great a Truſt as Men's Lives and Eſtates, are 
repoſed in them, that fo, by a knowledge of, and a conſtant 
careful Practice, in keeping an exact Journal, they may not 
only bear the empty Name of Navigator, but thereby prove 
- themſelves deſervedly worthy of the Title of Compleat As tiſts. 
And for a Compleat keeping a Fournal, I prefer this Method 
* hereafter following; which, tho? it be new, and uſed (as I 
know of) but by few, yet I doubt, when better known it will 
be more uſed ; Now that you may rightly underſtand what it 
it, and how to keep an Account of the Ship's Way by this 
new Form, I will thus explain it. | 
1. Know that a Journal, or Sea-Reckoning, is a punctual 
Writing down every day in a Book (fit for that purpoſe) the 
Courſe, Diſtance, Difference of Latitude and Departure, the 
hip hath made, what Latitude and Longitude ſhe is in; and 
alſo the Wind, Weather, with all Accidents and Occurrences 
that happen. 
| To perform which after the beſt manner, do theſe prepara- 
| tive Things. 
Firſt, Provide a Folio Book of 2, 3, or 4 Quire of Demy- 
Paper, and let it be RuPd like the Log-Board, (in page 62) with 
5 Columns, taking up about half the breadth of each Page. 


n Theſe Je Columns may be marked or noted at the Head of 
each Column, with Letters thus; | 


0 — 1 * —— 


un WT Hours under it are the Hours of the Day. 
er X ; Knots 

0 f 8 Fathom 5, F Fun out that Day. 

634. IC we Courſes, which have bcen ſteered that Day . 
ver! N Winds, which have blown that Day, Ed. 


W_ Secondly, Rule 12 Lines croſs the foreſaid 5 Columns, and o 

8 fir aſunder, that on Occaſion you may write two Lines of 

Not Writing in the Spaces between thoſe Lines; then will che ſame 

Nortl luling ſerving for an Eaſ?-India Voyage, in which the 1.9 ts 
Wezved out every Hour, and allo for other Voyages where it's 

: Wed every two Hours. | 

is ard L Thirdly, In the firſt Column (marked at the upper cud with 

lb Write down the Hours of the Day; that is for Common 
lOyages, 2, 4, 6, 8, 10, 12, and 2, 4, ©, 8, 10, and 12: Bur 

r an Eaſt- India Voyage, 1, 2, 3. Cc. to 12 at Midnight; 

t omen 1, 2, 3, Oc. to 12 at Noon. And thus far is the book. 

fervi- Nied, and prepared to copy off the Log-bear'd. 

been, | 

divers 
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Fourthly, Under theſe 5 Columns let there be Ruled 12 ſhort 
Columns, which may take up the whole Breadth of the Page 
of the Book. Theſe may be entituled as in the Journal fol- 
lowing this Diſcourſe, (in Pages 252 and 253) and needs not 
any further Explanation. 

Now fuch a Book ſo Ruled as here expreſs'd, each Page 
thereof will contain two Days Sailing, with all appertaining 
thereunto as ſhall afterwards appear. 

Fifthly, Having a Journal Boek, thus prepared, and now on 
your departing, the firſt thing is to enter the Title of the uur. 
nal, which may be done thus: In the Top or Head of the firſt 
Page of the Journal Bok write the Title thereof in Words after 
the Form immediately before the Journal, in Page 251. 

And now the Book is compleatiy prepar'd, fit for the Uſe in. 
tended, and that's keeping a Sea Reckoning, after this manner, 

2. Nextunder, or after the Title, (Write in the Blank Spac: 

between the 5th Column for the Wind, and the Side of the 
Book) the Year, Month, Day and Hour, you part with ſight of 
the Land, and alſo the Circumſtances and Actions attending the 
fame, Cc. as here you may ſee in the two firſt Sides of the 
Fournal « which by reaſon of the ſmallneſs of this Book reach. 
eth Pages 252 and 252, which are to be eſteemed hut as one 
Page, or Side of the 7ournal, 

3. Every Day at Noon, Write in the 5 Columns the ſame you 
find Written in the Leg-Board, which containeth the Ship's 
Courſe Steered, * run by the Lg, what Winds hare 
blown, what Sails handed. and when. 

4. In the Vacant Space of the Right-hand of theſe 5 Co- 
lumns (which takes up more than half the Breadth of the Book) 
expreſs the Tranſactions of the Day, as Winds, Weather, (u. 
rents, ſetting of the Sea, handling of Sails, meeting or partim 
with Ships, Death of Men, Variation of the Compaſs, and allo- 
ther Accidents and Occurrences whatſoever. 


5. Then Correct the ſeveral Courſes, by allowing for Leewari- | 
way, Currents and Variation, according to the Nature of them; 


and bring them them into one Courſe (by Chapter 3. Section 4 of 


Plain Sailing, in page Gi.) by which you will find the Ship's Di. 
_ france, Di ference of Latitude, and Departure from the Meridia; 
which being ſet down in the Columns bearing thoſe Titles, the + 
(by Chapter 3. Section 3, General Rule 3. in page 55) find the .. 


titude the Ship 1s in, and ſet that in its proper Column : And 


laſtly, (by Chapter 4, Section 3. Problem 5. in pages gl and ,, 
Alſo Chapter 4. Section 2. Problem 5. page 86, of Mercatir 
Sailing) find the Longitude the Ship is in, and place that inth*Þ 
12th and laſt Column; and thus you finiſh that Day's Wo 

For Leeward, or Leeway, the Allowances are ſuch 25 28 


thele 8 Caſes following, 


Firſt, 


8 
wn 
FO 


5 bo 
8 
37 
3 
2 85 
3 
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Firſt, The Ship being upon a Wind, allow one Point for 


eway. 
pots "Ty The Wind blowing hard to cauſe one Top-ſail to 
be r-ken in; allow two Points for Lecway. 
$ Thirdly, When it it blows ſo hard that both Top ails are taken 
in, and the Sea runs high; allow then three Points for Leeway. 
EY Fourthly, The Fore-ſail being furl'd, and the Ship Try under 
A Main-ſail and a Miſſon; allow four Points for Leeway ; for 
ſhe then makes her way about four Points before the Beam 
(as the Sea Phraſe is.) 

Fifthly, When the Ship Trys under a Main: ſail only, ſhe then 
makes her way near three Points before the Beam ; that is 
near Five Points for Leeway, 

Sixthly, If the Ship trys under a Miſſon only, her Way is about 

two Points before theBeam ; that is, allow ſix Points for Leeway, 

Seventhly, When ſhe Lies a Hull ; that is, with all her Sails 


FurPd. her way is one Point before the Beam, and then ſeven F 
Points in her Leeway. # 
1 
J 


Eigbthly, If the Wind hath blown hard at WSW. and made 
the Sea run high, the Hip ſtemming South, and the Wind ſhift- : 
ing to ESE. then whilſt the Sea continues to run high, it ſtrikes 
the Ship on the Lec- Bou, and abates the Leeway. 


Note, In all thoſe eight Caſes, reſpect muſt be had to the bl. 
ſmoothneſs of the Water, or the Sea's running high, and then it 
the Allowances may be rectified with the greater Certainty, by 1 
| ſetting the Ships Wake by the Quarter 0 the Comp aſs, place d 4 x 


on each Rail of the Ship's Quarter, which is uſually ſet there | "1 
for that Purpoſe. 3 11 
Theſe Directions, with a conſideration of the Ship's Trim, + 
Sail aboard, Streſs of Wind,, and growth of the Sea, being put 
into Practice, will ſo improve the Young Navigator's Judgment, 
3 12 he'll ſeldom fail of making a true Allowance for the Ship's 
: ce Way. \ 
il 6. After this manner are you to proceed every Day from f 
em; Noon to Neon, which is the beginning and ending of the Day oy 
,& Aſtronomical, the Day by which the Mariners keep their Sea- 9 b 
D. Reckoning, 9 
7. Remembring always to obſerve for the Latitude, when x { 
Opportunity preſents, either by Sea or Stars; that being the chief og” 
thing to be depended on, and by which the Reckoning is con- _ 
© firmed or rectified, which is the next thing to be treated of. | 
8. When the Latitude by Account agrees with the Latitude ; 
„by Obſervation, then is the Reckoning confirmed, and you are | 
E ſure it's kept well. ; 
29. But if they diſagree, then either the Ship hath out - run your i 
Reckoning, or your Reckoning hath out-run the Ship; and there i" 
rie is ſome Error, either in the Courſe, Diſtance ſailed, or both of | 
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them; Now, to find where the Error lies conſider whether 
there be a Current, or no- : 
10. If there be a Current, try it, and find which way it ſets, 
and how faſt ; and by that Correct both Courſe and Diſtance ; 
and if that makes the Reckoning Latitude to agree with the 0h. 
ſerved Latitude, yon have then truly Corrected the Reckoning, 
But if you, only by ſome probable Reaſon conjecture there is 
a Current, then give what Allowance you think meet to the 
Difference of Latitude, and Departure, and ſee if that will reform 
your Reckoning Latitude, that it agree with the obſerved Lai. 
tude ; if ſo you have gueſſed well (for you muſt ever keep to 
the Latitude by Obſervation that being the principal thing to be 
relied upon) but if it will not agree with the Obſerved Latitude, 
it's to be ſuppoſed that there are miſtakes in your Conjecturc, 
or ſome other Cauſe of this Error in the Reckoning. 
11. When there's no Current, nor any Variation, or if there 
be either or both; and they are allowed for according to Art 
and Reaſon, and yet they will not agree with the Obſerved Ly. 
titude ; then there is an Error either in Steerage, or in the Lg, 
and to know in which it is, take this, 


General Rule. 

Differ. of Latitude 
Departure — ; 
12. When there is an Error in the Courſe ſteered, you muſt 
(after the Allowance in the 10th. and 11th, Rules have been 
made) then only correct the Difference of Latitude and ſo make 


8. 09. 
|the greater, the Error 1s in the - 728. Pl 


the Reckoning Latitude to agree with the Latitude by Objeroa- 


tion, and the Work is done. 

13. But when the Error lieth in the Leg, the Diſtance is 
faulty, and this is that which moſt uſually makes the Dig. 
rence between the Obſerved Latitude, and the Latitude Reck. 
oning. And herein are two Caſes. | 
Caſe 1. In North Latitude failing tewards the North, and ir 

South Latitude, ſailing towards the South. 

If the Obſerved Latitude be the greater, then hath the Ship 
out- run the Reckoning; but if it be the leſſer, the Reckoning 
hath out-run the Ship. | 
Caſe 2. In North Latitude, ſailing tewards the. South, and in 

| South Latitude, ſailing towards the North. 

If the Obſerved Latitude be greater, then hath the Reckon- 
ing out run the Ship; but if it be the leſſer, the Ship hath out- 
run the Reckoning. 8 

14. When the Ship hath out- run the Reckoning, then is the 
Reckoning too little, and the Difference between the obſerved 


Latitude and Reckoning Latitude, muſt be added to the North 


ox South Column in the Reckoning; and fo doing it's Corredtes, 
the KECKONINg 3 and FI SL. Bu 
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15, But when the Reckoning hath out · run the Ship, then is 
me Reckoning too great, and the Difference between the ob, 
EF Grved Latitude and Reckoning Latitude, muſt be ſubtracted 
from the North, or South Columns in the Reckoning ; and ſo 
1 doin its Corr ected, | 
bl 16. To Correct the Departure (the Eaſt, or Weſt Column in 
the Reckoning) when the Error is in the Diſtance do thus: Add 
up the N, 8, E, and Weſt Columns from the beginning, if it 
be the firſt Error; otherwiſe from the laſt Error, or from the 
laſt Obfervation to the Day of the preſent Error; in order to 
find the Difference of Latitude and Departure; as was ſhewed 
in adding up the Columns in a Traverſe. [i 
And then the Proportion to find the Error or Correction in 1 
the Departure, is thus; | 4 
As the Difference of Latitude, is to the Departure ; 
So is the Correction in Latitude to the Correction in Departure. 
Note, Correction in Latitude is the Difference between the 
Obſerved Latitude, and Reckoning Latitude, 
The Correction in Departure muſt be added to, or ſubtracted 
from the Eaſt or Weſt Column in the Reckoning, according to 
the 14th and 15th Rule aforeſaid ; and ſo the Departure willbe 
corrected, | | rad 
15. To correct the Longitude do thus; find (by the Table 
| of Meridional Parts) the Meridonal Difference of Latitude, 
between the Obſerved Latitude, and the Reckoning Latitude, 
and then the Proportion is this: | 
As the Correction in Latitude is to the Correction in Departure: 
So is the Meridional Difference of Latitude, to the Correc- | 
s ion in Longitude. | | [4 
Then according to the new Way of Computation of Longi- 
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tude in the Mariner's Compaſs Recti ed, if the Longitude, and h | 

its Correction be both Eaſt, or both Weſt, add; but one Eaſt, {i 

by and the other Weſt, ſubſtract, and the Longitude is Corrected. 4 

And having gone over the Rules, and Directions about keep- J 5 

ip ing, and Beach ie a Sea Reckoning, or Journal, 1 will alſo *Y 

az dive an Example of a Journal, of an intended Y:yage from the oi 

Lizard towards Barbadoes; that the foregoing Rules may be 1 

in the better underſtood. | 1 

And altho' this following Journal be but an Example of Seven | | 

n- Days, being ſo deſigned that this Book might not ſwell too big 1 

ut- Oet it may be of ſufficient Intelligence to a diligent Reader) for 1 

the right underſtanding this Method of Keeping, and Correcting q 

the 4 eg /ournal, eſpecially if the following Explanation be delibe- -- 

ved Þ © rately compared with the preceding Directions; and thereby {1 
;rth ds informing, as if the whole Series of the Voyage had been | | 

ted. inſerted, which would have both augmented the Book, and its 


But | 2 Price, but not anſwerably the underſtanding it. Having 
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Having been treating about Keeping and Correcting a Journal, 
which cannot well be done till the Error in the Log-Line and 
Half- Minute-Claſ be Rectified; I think it neceſſary here to ſay 
ſomething of both. 

The Manner of keeping a Reckoning or Sea Fournal (by our 
Engliſh Navigators is by the Log-Line, and Half- Minute-Glaſs , 
ought not care to be taken that they be true, elſe a Reckoning 
Kept by them cannot be true ? 

But it hath been an ancient Cuſtom, and ſtill is too much 
uſed to meaſure 7 Fathom, or 42 Feet, between Knot and Knot 
on the Log-Line, which is grounded on this Conjecture, That 
5 Feet make a Pace, a 1000 (ſuch) Paces a Mile, and 60 (ſuch 
Miles) make a Degree ; that is a Degree contains 300000 Feet, 
and a Mile (or Minute) 5000 Feet; and becauſe an Haf- Mi. 
nute of Time is the 120th Part of an Hour, and the 120th 
Part of a Mile 5000 Feet, is almoſt 42 Feet, the Meaſure com- 
-monly put between each Knot on the Log-Line. 

But this Erroneous Computation hath been ſufficiently con- 
tradicted by Mr. Oughtred, Mr. Norwood, and others. 

Mr. Oughtred, in his Circles of Proportion, in page 153 doth 
allow 60! Statute Miles to a Degree on the Earth, each Mile 
being 5280 Feet, ſo that in a Degree there are 349,800 Feet, 

And Mr. Richard Norwood in his Seaman”s Practice, page 43. 
doth prove a Degree on the Earth, to contain 367200 Engl 
Feet; but at length conſents to allow 30c000 Feet to a Degree, 
and ſo 6c00 Feet the Goth Part, to be one Minute, commonly 
called a Mile; ſo that 0000 Feet ſhould be the Number from 
whence the Knots on the Log- Eine, ought to be deduced. 

Therefore, if 6000 (the Feet in a Mile or Minute) be divid- 
edby a 120 (the Half Minutes in one Hour) the Quotient is 50 
Feet ; for the Diſtance of each Knot on the Log-line, and 25 
Feet is half a Knot. | 

Now s being the one Tenth of 50, let each Fathom on the 

Log-line contain 5 Feet; and then 5 of theſe Fathoms make a 
Half Knot, and 10 of them one Knot. 
And according to theſe Meaſures, let every Man that would 
keep a true Reckoning, and give a good Account of his Voyage, 
be perfwaded to mark his Log-line, and not let Cuſtom prevail 
above Reaſon. 

Then it follows, That if a Ship runneth out one of theſe 
Knots in Half a Minute, ſhe runneth one Mile or Minute, the 
Goth part of a Degree in an Hour; if 2 Knots, then 2 Miles; 


if 3 Knots and 4 Fathoms, then Miles 3, 4; that is 3 Miles and 


4 Tenths of a Mile in an Hour, and fo for any other. Andby 
fuch a Log-line is the following Reckoning kept- 

The like regard muſt be had, that the Half Minute-Glafs be of 
a juſt Length, otherwiſe no true Account of the Ship's Way 
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can be kept: Now for that, take an approv'd Experiment, 
mentioned by Mr. Philips, in his Advancement of Navigation, 


The Second Part, page 9. as follows. 


An eaſy and exact Way to Meaſure a Half Minute Glaſs. 

Let a Plummet of any Form or Weight, be faſtened to one 
End of a Thread, or S:1k-ſtring, that is 38 Inches long, and 
at the other End is a Loop or Nooſe, to hang it on a ſmall Pin 
or Nail, faſtened in any Place, fo that the Plummet may ſwing 
freely. 

6 4 the Loop of the String being hung on the Pin, the 
String 383 Inches from the Center of Gravity to the Center of 
Motion; this is 38; Inches from the End of the Loop to the 
middle of the Plummet ; and the Plummet cauſed to Swing; 
each of thoſe Swings ſhall be a true Second of Time, and 30 
of them the juſt Length of an Half —_— 


Always counting the Swings both forward from, and back- 


ward to the Perpendicular, ſuppoſed to fall from the Pin where- 
on the String doth hang : For Half a Second of Time is mea- 
ſured every Time the Plummet paſſeth from the Perpendicular, 


to it's utmoſt Swing either ways. 


But when the Ship hath any conſiderable Motion, make the 
String 7 Inches ſhorter, and there make a Knot to hold it by, 
between your Finger and 'Thumb ; then by the Motion of ” bo 
Hand, cauſe the Plummet to aſcend to an Angle of about 60 
Degrees, every Swing from the foreſaid Perpendicular ; then 
each Swing ſhall be equal to thoſe before-mentioned; ſo that b 
this Experiment, you may meaſure a true Half Minute of Time, 
without a Claſs, and by it examine the Truth of any Glaſs. 
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A Journal of a VOYAGE, 
(By God's Permiſſion) in the 
George of LOND ON. A. B. Commander. 
Rs FROM THE 
| Latitude rod. oom. North. 
T 5d. 24m. Weſt, 
| T0" 1-RE 
Iſland Barbadoes in Latitude 13d. 25m. North. 


Longitude 58d. am. North. 
Their Difference of Longitude 52d. 4om. Welt. 


The Courſe from the L:zZard, South 49d. 55m. Weſt. 
Their Diſtance in that Rhomb, 3497 Minutes. 
Kept by C. D Chief Mate. 


Began January ©16th, I 732. * N 
5 After - 
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BRAC YT ; Wind and Weather, TY 
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Y The 16 of Zanuary, 1732. At Noon we ſaw the Lizard 
Point bear North about 18 Minutes or Miles Diſtance of us : 
We have variable Winds, freſh Gales, cloſe, hazy rainy Wea - 


ther, as per Columns. 


In Company with the Succeſs, Capt. E. F. Commander 
bound for the Eaſt- Indies, 


 &17th our Courſe and Diſtance made good this Day, I 
make W SW. 137 Minutes, with Latitude, Meridional Di- 
ſtance, and Longitude : As per Columns underneath. 


| d. m. . d. m. 
Zenith Diſtance — Magnet Amplitude. —— 27 30 ES. 
Declinatin ——— True Amplitude. 39 55 ES. 


Lat. by Obſervation Variation. ( : 12 25 W. 


— 
— 


\Depart. in lin. Latitude by Meridienal | Tongitad- by 
— Account in | Diſtance \| Account in 
E. W. deg. and min. deg. and min.] deg. and min. 


R 
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49. 42 Northſ " os. 24 W. 
| 'm127.3 48. 51 North O2. 07 W. N 08. 37 W. 5 : 
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= 4 The 18th of January 1732, hard Gales of variable 
Winds, with ſome Snow, Hail and Rain. 


Our Top-ſails Reef'd, and ſo have been ever ſince we ſaw 
the Lizard. A great ſwelling Sea following us, and ſetting 
towards the SSW. 

Our Courſe and Diſtance J judge to be SW by W. : Weſt 
158 Minutes, with Latitude, Meridional Diſtance and Long 
tude as in the Columns underneath. 

E d. m. d me 1 
Zenith Diſtance — Magnet Ampl. — 1 
Declination — True Ampl. . 
Lat. by Obſervation Variation. — ; 

— 
1 | (Depart in Min. Latitude | by Meridional Longitude by | 
1 — Acconnt in Diſtancein | Account in 
| EW (deg. and min. | deg. and Min. | deg. and men. | 
| mi 39.8 47.37 North og. 27 W. 12. 10 W. 
1 | 
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. 
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A The 29th of January, 1732, was bad Weather, very hard 
* Cales, thick Air, with lome Hail and Rain, 


A great Sea after us, ſetting towards the $SW. for theſe 
three Days paſt. 


By Obſervation the Ship hath out- run the Reckoning 24 Mi- 
nutes South, which being attributed to the SSW. Sea, our 
Courſe and Diſtance corrected is SW, by 3 W. 204 Minutes; 


with Meridional Di/tance, and Longitude ; as underneath. 


* . d. 1m. 5 d. M. | 
* Zenith Diſtance 62 55, S. Magnet Ampl. 37 oo W.S. N 
| Sun's Declination 17 48 8. True Amplit. 24 50 WS. a 
Lat. by Obſerva. 45 07 N. Variation —— 12 10 W. ; 
3 . f 
Depart. in Min. Latitude by MNleridiamal Longitude by { 
| | - Account in | Diſtance in Account in b 
E. | W. dieg. and min. deg. and min. deg. and min. i 

$ | 1294 | 45 3.1 N. | 06.36 W. | 15.19 W. 

ö 5 | 99 | 00.24 8. oo. Io W. OO. 14 W. 

. 1 | 139.3 45.07 N. I 06.46 W. | 15.32 W: 


— 


3 Afternoon 
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n ind and Weather. 
HK of 5 Feet 
Fo EF SW by SINE. 8 FE 
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8 en — — = — — 
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2] The 29th of January, 1732, cloſe Weather, with ſome 
Rain, freſh Gales, and variable ; with a NNE Sea. 


About 8 this Morning we ſaw a Sai! on our Larboard Quar- 
ter, ſo far off that we could but juſt diſcern her. 


Our Courſe and Diſtance made good this 24 Hours in 8 41d. 
W. or SW by S 3 W. 138 Minutes, with Latitude, Meridio- 
nal Diſtance, and Longitude : as here under, i 


d. m. | d. m. 
Zenith Diſtance Magnet Amplitude — 35 25 ES. 
Declination ———— True Amplitude —— 23 30 ES. 


Lat. by Obſervation — Variation. — —— 11 55 W. 


-———__ 


Depart m Mom Te by Meriaronal Tongitad⸗ by 
| Account in | Diſtance | Account in 
| teg. and min.|4eg. and min.] deg. and min. 


—— 


E. 8 W. 


COIN — - | — 
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2.4. 43-23 North 08.16 Weſt 17. 39 Weſt. | 


R 2 Afternoon 
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28 We | G Wind and Weather, 
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* The 21th of January 1732, clear Weather, intermint 
With ſmall ſhowers of Rain, freſh Gales, and a NNE. Sea. 


About 6 this Morning we ſaw two Sails on our Larboard- 
Bow, which we judged were Turks Men ef War, who chaſed us 


till Sun ſet, and could not get upon us; then they lay by, ſo 
| we loſt ſight of them. 


Our Courſe is SSW. 124 Minutes with Latitude, Meridional 
Diſtance, and Longitude : as here under. 


3 d. m. d. m. 
Zenith Diſtance Magnet Ampl. 
. Declination — True Ampl. — — 


Lat. by Obſervation —.— Puta. —? 


epart in Min. Latitude by | e | Longriude by | 
—— — Acconnt in Diſtance in | Account in 
E i W {deg. and min.] deg. and Min. | deg. and min. 


n Mts. 


„ 1 3 — — * — * „ * - 


| | 
47-44%. 28North | og. 03 W. 18. 44 W. 


G 
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| F * Wind and Weather, 
HIK jof 5 Feet 
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5 ther, and a NNE Sea after us. 


brought another To immediately. 


Diſtance, and Longitude : As here under. 


towards Barbadoes. 
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H The 22d of January, 1732, Freſh Gales, uncertain Wea- 


Our Courſe is South 129 Minutes, with Latitude, Meridional 


Yeſterday, about three in the afternoon, letting the Reef 
out of the Main Top-Sail, it ſplit, which we unbent, and 


| d. m. d. m. 
Eenxith Diſtance Magnet Amplitude, —— —ͥ 
VDeclination True Amplitude. 

Lat. by Obſervation Variation, — 

2 in. Latitude by \Meridional T Longitude by 

n Account in | Diſtance Account in 

— W. ſdeg. and min. deg. and min.] deg. and min. 

41 | 39-19 N. [09.03 W. 18. 44 W. | 

1 3 
After. 
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3 ...——————i . a 
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, 


D The 23d of January, 1 232. Freſh Gales with ſmall Shows 
ers of Rain, a great Sca from the NNE, 


Since the 19th Inſtant (the laſt Day of C3/ervation) to this 
Day, I find we are more ſoutherly 34 Minutes than by Ac- 
count ; and (with reſpe& to the NNE Sea) more weſterly 14 


Minutes in Meridional Diſtance, which makes 17 Minutes in 
Longitude, 


Our Courſe and Diſtance corrected by a good Obſervatlon is 
S. 44d. 35m. V. or S W. 178 Minutes, with Latitude Meridio- 
nal Diſtance, and Longitude as here under. 


d. m. d. m. VS 
Zenith Diſtance— 53.02 S. Magnet Amplitude — 17. 40 WS 


Sun's Declinat, 16.40 S. True Amplitude 


— 


Lat. by Obſ. — 36.22 N. Variation —— — _ 13. 20 W 


- Account in Diſtance in | Account in 
E. W. deg. and min. ſdeg. and min.] deg. and min. 


Too - 


| 336.56 North 09. 03 W. 18.44 W. 
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Chap- XII, 


In the Explanation of the preceding Journal. 

* this Journal in the upper Part repreſenting the Log- Boo, there 

are five Columns, and in the lower Part there are twelve Co- 
lumns ; all which have been deſcribed in the Directions immedi. 
ately before the 7ournal(inpage 245.) TheBulineſs now is to ex- 
plainthe Manner of proceeding in this Zournal, and that is thus; 
Ube firſt Page of the Nane (in page 252) contains the Log- 
Board for the firſt Day after our departing the Lizard, which was 
© the 16th of January 1732, at Noon, the Lizardbore N. 18 Mi. 


nutes, Diſtance, &c. as in the Journal (page 252) you may lee. 


Sunday But becauſethe Week Day is expreſſed by a Cha. 
Monday racter, which may not be underſtood by every One, 


Tueſday | (tho? its convenient ſo to write them) you have 
Wedneſday] Yjhere the Week Days with their Characters. 
2 And becauſe the Lizard bid bear North 18 Mi 
Friday 2nutes Diſtance, therefore make the Courſe South, 
Saturday. | Hand place 18m. in the Column, under Diſtance, 
Cc. then the Difference of Latitude is m. which accoreingly 
2 in the South Column, and ſubtract it from the Lizard 
at. 0d. oom. the Remainder 49d. 42m. is the Lat. the Ship 
is in, at parting ſight of Land; which accordingly is placed in 
the Column under the Lat. by Account, &c. And in the laſt 
Column, becauſe the Courſe is South, place the Longitude of 
the Lizard 5d. 24m. Weſt, and all that Day is done. 
Then from the 16thDay at Noon, to the 1 7thDay at Noon, you 
have theCourſes and Diſtances for every twoHours ; with the wind 
and Weather, as they are taken from the Log- Board; as all other 
Circumſtances attending, are there expreſſed; for the Particulars 
whereof, I refer to the Journal it ſelf, in page 252. The ſeve- 
ral Courſes and Diſtances of this Day, may be reduced to three 
Courſes : Thus, The Mort ef C the 17th of January 1732, being 
the firſt * Sailing in the preceding Journal, 5 page 252. 
H FE 


K F 5 
Fiſi a4 W S W 2 Secondly, 2 W by N 5 Al 
O08 2 : Ol That is W by No, 4 
e ſame; ; 5 W 
12 The ſame 6 eh, 8 Theme 8 ? 
2 I-08 lame 0! Summed up is III I 
1 _ g ;\Thatis SW by W 23 Min.' —.— 
10 The ſame 6 Ce DI. NX. E | 
12 The ſame! -W SW 106.2 
by N10. 42 
Summed up is 53 ISM by W 23-0 


That is WS W. 106 2 Diſtance i 39.0, © 


W 
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_, As Diff. Lat.. Dep. :: Radius . T. Courſe, | 
4s m. S. 1. % m. 127. f:: T. 45d... T. O8. d. om. (S. Wly, or WSW 

Then, As Sine Courſe .. Depart. :: Radius Diſtance. 

As S. 68d. oom. . m. 127.4 :: S. god. . m. 137.4. 

So that the Courſe made good, is 8. 68d. om. Weſterly or 
WSW. neareſt, and the Diſtance 137 Min. 4 Tenths ; which 
place in their proper Columns, as may be ſeen in the firſt Day 
of the Journal, at the Foot thereof in Page 252. 

The Difference of Latitude m. 51 f, (or neareſt 51 Minutes) 
being Southerly ſubtract from 49d. 42m. the Latitude at parting 
ſight of the Land, the Remainder 48d. 51m. place under Lati- 
tude by Account, for the Latitude the Ship is now in. 

Again. The Departure 127 ff Minutes being reduced to De- 
grees maketh 2d, o) m. Weſterly, which place in the Column 
under Meridional Diſtance, Oc. in page 253. 

Laſtly, To find the Longitude the Ship is now in, you have 
both Latitudes 49d. 42m. and 48d. 51m. the preſent Latitude, 
and the Latitude of the Day before, with the Departure min. 
127.4, by which is found the Difference of Longitude accord- 
ing to Chapter 4. Section 4. Problem 5. of Mercator's Sailing 
in Pages go, and 91 where the Proportion is thus ; 

As the Difference of Latitude is to the Departure; So is 
the Meridional Difference of Latitude to the Difference of 
Longitude, 


. 5 Min. 


O 16 49 42 a 3447 2 found in the Table 
Y 1 } F Lat. 48 <1 : Merid. Parts 2369 5 of Meridional Pts. 


The Meridional Difference of Latitude 78. Then ſay, 

As 51m. + m. 127, :: m. 78 193m. or 3d 13m. Weſt- 
erly, which being added to the Longitude of the Day before 5d. 
24m. the Sum 8d. 37m. W. is the preſent Longitude, which 

lace in the laſt Column of that Jeurnal > Then the Day's 
Work is finiſh'd. 

Then, from the I 7th Day at Noon, to the 18th Day at Noon, 
(in the two next Pages of the Journal) the Courſes and Diſ- 
tances for every two Hours; the Wind and Weather with 
other Circumſtances attending, taken from the Log-Buard, are ſet 
down ; for the Particulars, ſee the Journal in Pages 254 and 255. 


Now the ſeveral Courſes and Diſtances of this Day are re- 
duced thus : 


N The Work of & the 18th of January 1732, the ſecond Day's 
” Sailing in the preceding Journal in Pages 2.54 and 250. wy 
BOB 19, | | --2-| ; | rſt, 
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H KE. H. KF. 
Firſt, WSW. 0-|Secondl, S W. 
10 The ſame} FF he fame. 5 8 
1 4— 71 Xs JEM 
2 7]—-|[Summed up, is —— 11. 8 
- 7] YThat is S. W. —— 23. 6 
— — 7 - — — — 
* Thirdly,8SW by W. 7, 1 

oy A Abe ſame 6 * 
12—t1 » Da ah 

Summed up, is—— 13. 

Summed up is 54 1 4 Fs 4 
That is WSW. 108 2 [That is SW by W.—27. 8 


So that the Courſes of this Day are theſes, WSW. m. 108.2 
SW. m. 23 6 SW by W. m. 27.8, and by Chapter 3. Section 


4. of Plain Sailing, in Pages 64 and 65, may be reduced into 
one Courſe as followeth. 


Courſes Di. N. 8. 
W SW 23 41.5 


S W | 23. 
SIW by M 22.8 15.4 
Diſtanceſt 59. G Lat. 73.0 Dep. 


6 


As Diff. Lat. Dep. :: Radius ++ T. Courſe. 


As m. 73.6. m. 139.8 :: T. 45d. + T. 62d. 15m. South Well 
erly, or SW by W W. 

As S. Courſe ** Departure :: Radius ** Diſtance. 

As 62d. 15m. ** m. 139-8 :: S. god. **158 Minutes. 

The Difference of Latitude is m. 73.0S. andtheDepart.m.139.5 
Weſt, makes the Courſe 8. 62d. 15m. W. or SW by W.: W. and 


the Diſtance 1 58 Minutes; which place in their reſpective Co- 
jumns in the Journal for the Day propoſed, inPages 254 and 255: 
Then the Difference of Latitude m. 73.0 or 1d. 14m. being 
ſubtracted from the Latitude the Day before, 48d. 51m. the 
Remainder 47d. 37m. place under Latitude by Account, for ihe 
Latitude the Ship is now in, fee Page 255. 
And the Departure m. 139.8 near 149 Minutes, or 2d. 20m. 
being added to (becauſe it's Weſt, had it been Eaſt it ſhould 
have been ſubtracted from) 2d. 07m. the Meridional Diſtance 
the Day before, and it makes 4d. 27m. Welt, for the Ship's 
whole Meridional Diſtance from the Lizard; which place un- 
der it's proper Title, in Page 255. 
Laſtly, To find the Longitude the Ship is now in, you have 


the Latitudes 48d. 51m. and 47d. 37m. the preſent Latitude, and 


the Latitude of the Day before, with the Departure m. 139-8, by 
which you may find the Difference of Longitude in this manner. 


Y 17: 
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d. m. d. m. 


213. 5 Lat. 45.52 : Mer. Parts ; 3369 } foundinthe Table of 
£19. | 


47.37 3257 3 Meridional Parts. 
The Meridional Differ. of Latitude 112. And then ſay, 
As m. 736. 13949 :: 112m. + m. 213 or 3d. 33m. Weſterly, 

which being added to the Longitude of the Day before, 8d. 

37m. the Sum 12d. Lom. Weſt, is the preſent Longitude, which 

Place in the laſt Culumn of the Journal in Page 255; and the 

ſecond Day's Work is finiſhed. | 5 
Again. In the two next Pages of the Journal, is the Courſes, 

Diſtances, Winds, ©c. taken off the Log-Board from the 18th 

Day at Noon, to the Igth, which are wrought as follows. 


The Work of I the 19th of January 1 732, the third Days Sail- 
ing in the preceding Journal. 


Courſes, D.. N 8 "i W 
SWhbyW. | 12.6 7.0 10. 5 
SIW- 1168.2 118.9 r 
| Diſtance 180.8 Diff. Lat. 125.9 Dep, I 20.5 


As Diff. Lat. Departure :: Radius · T. Courſe. 
As m. 25. 9 m. 129.4 :: T. 45d. T. 45d. 47m. South or 


* SW is the Courſe. 


As S. Courſe ** Departure :: Radius ** Diſtance. 
As S. 45d. 47m. **m, 129.4:: S. god. * 180.5 Minutes. 
By the Work above it's evident, that the Difterence of Lati- 


tude is m. 125.9 South, the Departure m. 129, 4. Welt, which 


makes the Courſe S. 45d. 47m. W or SW. and the Diſtance 184 
Minutes, which place in the reſpective Columns, in the 79urnal 


ö | for 9 the 19th of January, in pages 256 and 257. 


Then the Difference of Latitude m. 1 25. 9 or near 120 Minutes 
is 2d. Om. South, which ſubtract from the Latitude of the Day 
before, 47d. 37m. Remainder is the Latitude by Account, the 
Ship is now in 45d. 31m. N. which place in the Ioth Column, 
in page 279. J 

And the Departure 129 m. or 2d. m. Weſt being added to 4d. 
27m. the Meridional Diſtance of the Day before, makes 6d 36m. 
Weſt, the whole Mezidional Diſtance by Account from the L- 
zurd, which place in the 11th Column of the Zournal, in page 256. 

And now having both Latitudes 47d. 37m. and 45d. 31m. 


with the Departure m. 1 29.4; by them find the Difference of 
Longitude, thus, 


818 47d. 37m. 3257 m. 2 found in the 
ig 5 838 17 Mer. Parts. 3 3074 m. $ Table of 


a — Mer. Parts. 


The Meridional Difference of Latitude 183 Min. AS 


4% 
5 
| 
; 
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As m. 125.9 ** m. 129.4 :: 18 3m. 189m. or sd. ogm. Weſt is 
the Difference of Longitude, and being added to the Longi- 
tude of the Day before, 1 2d. rom. the Sum 1 5d. 19m. is the 
Longitude (by Account) the Ship is now in; which place in the 
laſt Column of the Fournal, in page 279: And this Day's Work 
(as to the Account or dead Reckoning) is finiſhed. 

But on the ſaid 19th of Zanuary at Noon, by a good Obſerya. 
tion of the Sun, I find the Latitude 45d. om. N. whereas by 
the Reckoning or Journal, the Latitude is 45d. 31m. North 
their Difference is 24m. South, that is, the Ship by Obſerva. 
tion is 24m. more Southerly than by the Reckoning. 

Wherefore to correct the Latitude, place 24m- in the South 
Column, and add it to the Difference of Latitude m. 125.9 it 
makes min. 149.9 for the corrected Diference of Latitude: Alſo 
ſubſtract it from 454d. 31m. (the Latitude by account) to make 
it agree with the Obſervation, as you ſee it done in the Journal 
for the ſaid 1th Day, in pages 250and 257. 

Then to correct the Departure, conſider, according to the 

Rule in the Directions for keeping a Journal, preceding it 
in page 269, whether there be a Current or no, and conſulting 
the written Journal, I find, A great Sea after us ſetting to- 
wards the SSW. for theſe three Days paſt; whieh I take to be 
the Cauſe of this Error of 24m. in the Reckoning Latitude, 
And therefore (by Chap. 3. Sed. 3. Prob. 2. of Plain Sailing) 
find what Departure a SSW. Courſe, with Difference of Lati- 
tude 24m. will make, which is thus. 

As S. 6 Points 24m. :: S. 2. Points -m. 9.9. the Correcti- 
on in the Departure, which place in the Weſt Column and add 
it to the Departure m. 129.4, it makes m. 139.3, for the cor- 
rected Departure; alſo add it to 6d. 36m. (the Meridional Di- 
ſtance by Account) it makes 6d. 46m. the corrected Meridio- 
nal Diſtance, as you ſee in the 11th Column of the Journal in 
Page 257. And to correct the Longitude by the 17th Rule for 
keeping a 7ournal ( * pages 249 and 250) is thus: 

m Min. 


Account 45.31 8 307427 found in Table 
Lat. by deer. 45.07 : Mer. Parts. 1 Merid. Parts. 


Correction in Latit. 24 Mer. Diff. Lat. 34. Then, 

As 24 min. min. 9.9. :: 35 Min. 14 Min. the Correction 
in Longitude Weſt; which being placed in the laſt Column ; 
and added (for that by the Second Caſe of the 13th Rule pre- 
ceding the Journal, in page 249. the Ship bath out- run the 
Reckoning) to 15 deg. 19 min. the Longitude over it, the Sum 
15d. 33m. write underneath, which is Corrected Longitude the 

IS N. 


Laſtly, 
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© Laſtly, To find the Courſe and Diſtance agreeable to the 
Correcłion by Obſervation ; you have the Corrected Difference | 
Of Latitude and Departure; which according to Chapter 3. Sec- 
” tion z. Problem 6. x. Plain-Sailing, in page 60. is thus: 
As the Corrected Difference of Latitude, is to the Corrected 
Departure; So is Radius, to the Tangent of the Courſe Cor- 
rected, Thatis; | 
As m. 149.7 m. 193. 3:: T. 45d, ** T. 42d. 59m. South 
Weſterly, or SW by 8 3W. And then, | 
As the S. Courſe Departure :: Radius + Diſtance. 
As S. 42d. 59m.**m. 139. 3:: S. god. 204m. Corrected Diſt. . 
So that the Courle, and Diſtance Corrected by Obſervation is 
SW by S. 3 W. 204 Minutes, which write in the Journal for 
ſaid Day in Page 257. Then the whole is finiſhed, and the 
Reckoning ſet to rights for that time. LO 
And now, having largely ſhewed the manner of theſe three 
Days Sailing, how they are wrought, and plac'd in their proper 


Columns in the Journal, with an Example of a Correction by Cœle- 
Fial Obſervation; I leave the reſt to the diligent Learner”s Prac. 
p tice, for they are done after the ſame manner : And the 23d of 
e Panuary you'll meet with another Correction for your Trial, 
„ which you may perform, if you ſtudiouſly compare this one 
Example with the preceding Rules and Directions, and with fre- 
4 quent Practice, will ſufficiently enlighten the Way, the Man- 
ner how, and the Means whereby, to keep a Sea Reckoning or 
j. Purnal (in this eaſy and commodious new Method) with great- 
der certainty than hath hitherto been Taught. 
And to invite all to keep their Sea Journals after this New- 
i. Method, which I dare preſume will nearly quadrate with the Forms 
Js practiſed by the Ingenious ; I have cauſed Paper Books to be Rul- 
in ed and Intituled (in all reſpects) like to the Journal before going. 
or © Which you may be furniſhed with at Reafonable Rates, by 


C. Grierſon, at the King's-Arms and two Bibles in Eſſex-ſtreet. 


Here follows ſeveral TABLES ſeful in Navigation, | 
with their Deſcriptions and Uſes briefly and fully ex- 

BB plain'd. | 

e Table of the Difference of Latitude and Departure from 


the Meridian. | 
7 HL. A Table of Meridional Parts, for the making Mercator's 
25 | Chart, and the working Queſtions in that kind of Sailing. 
we | III. A Table of Proportional Parts, for ſupplying every Mi- 
ye nute, of Latitude in the Table of Meridional Parts. | 


5 IV. A Table of Logarithms from 1 to 10.000. | | 
; V. A Table of 2 al Sines, Tangents, and Secants to every 
tly, Degree and Minute of the Quadrant, the Radius being 10,000000. 4 
VI. A | 
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a HIS Table hath its firſt Page divided into ſix Columns, 


272 be Ly ef the Table of Logarithms, Chap. XII. 


VI. A Table of Hager which every Rumb (or Point of the 
Compaſs) maketh with the Meridian. 
all of them carefully Gorrected, and exactly Printed. 


7 8 * FY > LG 


— 
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Chap. I. The Explanation and general Uſe of the Table of 
Logarithms, and the Table of Sines, Tangents and Secants, Þ. 
3 Table of Logarithms being of more general Uſe than 
any other, I begin with it, although it be one of the laſt 
in this Book. | 
Section 1. The Uſe of the Table of Ten Thouſand Logarithms, 
beginning at Page 315. 


——— 
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ä and all the following Pages into ſeven Columns, and 
containeth the Logarithms for all Numbers, increaſing in their 
Natural Order, from 1, to 10,000; after this manner. 

1. The Fir/t, Third and Fifth Columns of Page 315 contain. 
eth Numbers, creat in their Natural Order, from 1, to 
100; the other three Columns contain the Logarithms of them, 

2: The Left-hand Column of each following page (from pace 
316 to page 357 contains Numbers encreaſing as before, from 
100, to 999; the next five Columns of each Page, contain the 
Logarithms of all Numbers from 1000, to 9999 : Thoſe on the 
Left-hand Page are diſtinguiſhed at the Top with the Figure 
©[1|2]3]4, thoſe on the Right-hand with theſe Figures, 516; 718g 

3. The Numbers in the Left-hand Column, (under Num) in 


each Page, with the Connecting thoſe Figures at the Top d 
the other Ten Columns, are extended from 1000 unto 9999 


4. The laſt Column of each Page under DF. at the Top l 
containeth the Difference of the Logarithms. = Þ 
The manner of Reading them, and their general Uſe, ſhall 1 © 
be explained in the following Propoſitions. FP 


Propoſition 1. A whole Number under 100, being given; to find i 
| the Legarithms thereof. # 
The Rule, Turn to the Table of Logarithms, and in the Firſt, ©” 7 
Third, or Fifth Column of Page 315, under (Numb. at the We © 
Top, look for the given Number, and in the next Column un- 
der C Logarithm is the Logarithm fought. _ 
Ex. Suppoſe the given Number were 19; what is its Logarithms! Wh 
Look in the firſt Column of Page 315, under Numb, ) for 19, WW a. 
and in the next Column, under C Logar.) is 1.278754, which 15 W 
the Logarithm of 19: After the fame Manner you will find the 
| i 2) (8.3010 0 0 


1 10 I,00CO000 k 

Logarithm of - to be. | 1 
* 1.65321 2 wy 

I 00 _ 2.000000 I 


| , Nite, 
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Laſtly, To find the Courſe and Diſtance agreeable to the 
Correction by Obſervation ; you have the Corrected Difference 
of Latitude and Departure; which according to Chapter 3. Sec- 
| tion 3. Problem 6. of Plain-Sailing, in page 60. is thus : 

2 As the Corrected Difference of Latitude, is to the Corrected 

Departure; So is Radius, to the Tangent of the Courſe Cor- 
rected. That is; Y 

= As m. 149.7 m. 193. 3:: T. 45d. T. 42d. 59m. South 
Weſterly, or SW by SW. And then, 

As the S. Courſe Departure :: Radius ** Diſtances 

As S. 42d. 50m. m. 139. 3:: S. god. 204m. Corrected Diſt. 
So that the Gourſe, and Diſtance Corrected by Obſervation is 
SW by S.3 W. 204 Minutes, which write in the Journal for 
ſaid Day in Page 257. Then the whole is finiſhed, and the 
E Reckoning ſet to rights for that time. | 

And now, having largely ſnewed the manner of theſe three 
Days Sailing, how they are wrought, and plac'd in their proper 
Columns in the Journal, with an Example of a Correction by Cele 

ſtial Obſervation , I leave the reſt to the diligent Learner”s Prac. 
tice, for they are done after the ſame manner : And the 23d of 
January you'll meet with another Correction for your Trial, 
which you may perform, if you ſtudiouſly compare this one 
Example with the preceding Rules and Direction: „and with fre- 
quent Practice, will ſufficiently enlighten the Way, the Man- 
ner how, and the Means whereby, to keep a Sa Reckoning or 
Journal (in this eaſy and Payne” LS new Method) with great- 
er certainty than hath hitherto been Taught. 
And to invite all to keep their Sca Journals after this News 
Method, which I dare preſume ill nearly quadrate with the Forms 
practiſed by the Ingenious; I have cauſed Paper Books to be Rul- 
eld and Intituled (in all reſpects) like to the Forrnal before going. 
Which you may be furniſhed with at Reafonable Rates, by 
C. Grierſon, at the King's. Arms and two Bibles in Eſſex-ſtreet, 


1 
1854 
3 


| Here follows ſeveral TABLES a/ ful in Navigation, 
with their Deſcriptions and Ulcs briefly and fully ex- 
 plaind, | 


ms! | | 
1, Wik*: At of the Difference of Latitude and Departure from 
ichs the Meridian. 


d the II. A Table of Meridional Parts, for the making Mercator”s 
Chart, and the working Queſtiens in tllat kind of Sailing. 
III. A Table of Proportional Parts, for ſupplying every Mi- 
ute, of Latitude in the Table of Meridional Parts. 55 F4 

Note, | 


272 The Uſe of the Table. Chap. 1. 


IV. A Table of Logarithms from 1 to 10.800. 

V. A Table of Artificial Sines, Tangents, and Secants to every 
Degree and Minute of the Quadrant, the Radius being 10.000c00, 

VI. A Table of Angles which every Rumb (or Point of the 
Compaſs) maketh with the Meridian. 

All of them carefully Corrected, and exactly Printed. 


— 


2 


CHAP. I. 


The Explanation and Uſe of the Table of Di ference of 
Latitude and Departure from the Meridian, in Page; 
273 274 and 275. | 


1 Table, tho? ſtanding in ſo little room as two Pages, 
will give the Difference of Latitude and Departure for 
any Diſtance Run, under 10.000 ; and for every Quarter Point 
of the Compaſs. 

The Courſe ſtands at the Head and Foot of the Table, 
the Head it begins at! Point, and then; Point, 3 Points, in- 
creaſing forwards to 4 Points, 

At the Foot it begins at 4 Points, and then 4 4 Points, 
Points 43 Points, increaſing backward to 7 3 Points. 

The Diſtance Run is placed in the two outermoſt Columns 
of each Page under and over the Word Diſt. both at the Right- 
hand and at the Left-hand, beginning at 1, and increaſing 
downwards to 10, about half way each Page; and then be. 


inning again at 1, and from thence increaſing to 10, at the 
oot of each Page. | 

The Difference of Latitude and Departure from the Meridi- 
an, ſtands under the Courſe at the Head of the Table, and o- 
ver the Courſe at the Foot thereof ; which are diſtinguiſhed by 
the Words Lat. and Dep. 

The Uſe of this Table ſhall be made evident in reſolving a 
ſingle Courſe (which is the firſt Caſe of Plain Sailing) and 4 
Traverſe in theſe following Propoſitions. 


ference of Latitude and Departure from the Meridian. 


Example 1. Admit a Ship ſails $Sby W 3 W 6 Minutes, Ide. 
mand the Difference of Lat. and Departure from the Meridian. 
On the Left-hand in Page 284, (of the Table under 13 
Point, and right againſt 6 Minutes, under Di/?. you'll find { _ 


| i 
Propoſition 10. Courſe and Diſtance nn gives ; to find the Di, | 
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der the Word Lat.) 5.6492, and (under the Word Dep. 2.02t 3, 
for the Difference of Latitude, and Departure required. 

But it may ſuffice if the Difference of Latitude and Depar- 
ture be taken only in Leagues or Minutes, and Tenth Parts of 
a Minute, or League ; with this Allowance, that is ; 


051 {1N Tenth 
151 2 
251 | 3 
J | h 1 ' 237 . 4 
cf If the Parts be 4 451 For more, for it, ſet down 4 5 > Tenths 
/ 1 5 1 1 ' 
6 I 7 
8 751 8 
„ 88517 9 
or : | 
nt And when the Parts be 95t, or more, then make the Minutes or 


Leagues of Difference of Latitude and Departure from the Me- 
ridian, 1. more than they are in the Table. As for inſtance, 


in- 
3-154 2 
„„ .% 8.2 Tenths. 
| Inſtead of 37. 259 ſet down & 7.3 
_ i 3.98“ 9. Minutes or Leagues, 
Anz 9.959 lo. 
1 be- 


t the So then the aforeſaid Example 8 by W 3 W. diſtance 6 min, 


| being ſought in the Table, find as before. 


eridi - 

nd O- 7 7 . ag } ; . ' 
4 Difference of Lat. 5.6492) 4 _. - Min. 5.6 Tenths. 

1ed by The I — 2.0213 chat ad. Min. 2.0 Tenths: 

lving a 


and 4 | Example 2. A Ship ſails SSW * W. 60 Minutes. I demand 
| the Difference of Latitude and Departure from the Meridian, 


he Dit- | 


To perform this, count 1, at the beginning of the Table, to 


Y be 10, and 2 to be 20; 3,303 4, 40; 5, 50; 6,60; &c. to 10, 

1 which now ſtands for 100; According to this Direction, a- 
ge inſt 6 (which now ſtands for 60) on the Right-hand Page 
rid, 285. and under 2 Points, ſtands 5.291 5 under Lat. and 28.284 


nder 14 under Dep. which makes the Difference of Lat. 52.915 or 
ad (un- Min. 52.9 Tenths, and the Departure 28.284. or Min. 28. 3 
cer * 8 2 Tenths: 
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Tenths : For obſerve, That if the Diſtance be 6 Min. the 
day 4 Latitude is 5. 291. and Departure 2.828. But, 
O | | 2.91 28.28 
ge 600 TE ni * 15 Ao and Dep, 282.8 
C -6 SF 2828.0 
And after this Manner you muſt increaſe the Difference f 
Latitude and Departure, as the Diſtance doth increaſe. 
Example 3. Suppoſe a Ship ſails ESE E. 65m. I demand the 
Difference of Latitude and Departure, from the Meridian? 
This muſt be look'd out of the Table at twice, that is, firſt 
find the Difference of Latitude and Departure fro Diſtance 69 
Min. then find the Difference of Latitude and Departure for 
Diſtance 5 Minutes, and add both together, which will ſhew you 
the Difference of Latitude and Departure, required: As here 
under you may ſee. 


” Ji m. m. 

60 20.21 56.40 
For Diſt. = The Diff. Lat. 1s 1058 and Dep. 4.7 a 

65 (21.89 61.20 


That is, according to the former Directions, the Ditierence 
of Latitude is m. 21.9, or Minutes 21.9 Tenths ; and the De- 
parture 61.2, or Minutes 61.2 Tenths which was required. l 

Example 4. A Ship /ails SW by S1 W.137 Minutes. I demand ( 
the Difference of Latitude and Departure from the Meridian, * 

This muſt be taken out at thrice ; that is, ſeek the Difference 
of Latitude and Departure, for the Diſtance m. 190, for m. 30 
and for m 7 ; add them togetker, as here under is done. 


m. m. | m. 
100 80.32 C 59.57 
| 30 24.10 17.87 
For Diſt. 7p Diff. Lat. is & 5.02 P and Dep. & 4.17 
137 110.04 81.61 


Thatis, Difference Q Latit. 110 Min. and Depart. m. 8 1. GZenthe 
Propoſition 1 1. Several Courſes and Diſtances given; ts find 
their Differ. of Lat. and Departure, which, is the reſolving a 
Traverſe. | 
Example. Admit a Ship ſails WSW. 106m. then W byN. m10.4. 
then SW by W.23m, Idemandthe Difference of Latitude and De- 
parture with the direct Courſe and Diſtance from the firſt Place. 
Theſe Courſes and: Diſtances are taken from the foregoing 
Journal, in Page 252. being what the Log-Board made out for 
the firſt Day after departing from the L:zard. 
In order to the working this by the Traverſe Table, ſer down 
the ſeveral Courſes and Diſtances as in the Table * 
N 5 eures 
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"Tourſes Diſt. \Difference Latitude Departure, 

: min| N. 8. 888 WET. 

WSW. IJIOO. o 38.27 | 92.36 | 
6.0 2.30 5.54 
f WW | WbyN. | 10.0| 1.95 9.81 
0. 4 0.08 O. 39 

p ] as — — . „ 
SWby W.] 20.0 11.17 16.63 
3.0 1. 67 2.40 

banned up 2.03 | 53-35 127,25 
E [Sb/tracfed 2.03 

r 51.32 | Dep. | 127.25 


under N, and the Departure in the Column under W. | 
If the Courſe be South Eaſterly, place the Diff. Lat. in the South 
Column under S. and the Departure in the Eaſt Column under E. 
but if the Courſe be South Weſterly, place the Difference of La- 
itude in the South Column, and the Departure in the Weſt Column, 
As for Inſtance in the foregoing Table; the firſt Courſe is W. 
FSW. the Diſtance 106m. which is parted into two parts, viz. 100 
and; and the Courſe being South Weſterly, I place the Diffe- 
57 Erence Latit. m. 38. 27 under S. and the Dep. m. 92. 36 under W. 
37 be like I do for the Diſtance 6, as for theDi/Zance 1oo. The ſe- 


L7 cond Courſe is W by N. the DiFance 10.4. which is alſo look?d out 
— twice; and the Bene of Latitude 1.95. I place under N. and 
61 tue Departure 9.81 under W. the like you muſt do for the reſt. 
% WW Then having found the Difference of Lat. and Departure for 
find Heil the Corres, and inſerted their ſeveral Differences of Lat. and 
n3 epartures in their proper Column: The next Thing is to add up 
e N. S. E. and W. Columns, and ſet their Sums underneath. 

10.4 Then ſubtract the N and 8 Columns the leſſer from the grea- 
De- Per; and likewiſe the E and W Columns. 

lace. As in the foregoing Table the Sum of the N Column 15 2.03 
zoing Wi the 8 Column 53 35 of the E Column o. oo and of the W. 
t for WWolumn 127. 2 5: And fubtracting the N Column from the 8. 

e Remainder is 51.32 the Difference of Latitude Southerly. 

down And fubtracting the E Column from the W the Remainder 
E 8 27.25 the Departure Weſterly, Nov 
64 
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Now having the Difference of Latitude and Departure you 


may find the Courſe and Diſtance by Chapter 3, Section 3. Prob. 
lem 6. of Plain Sailing, in Page 60. | 


By which you will find the Courſe to be near WSW the 


Diſtance 138 Minutes, as you may fee in the Journal for the 
firſt Day thereof, in Page 252. and in Page 266. 


— I 


* 2 n 3 W- 


* * * . —_— 


CHAP. 1. 
The Uſe of the Table of Meridional Parts, 


HIS Table ſheweth the Meridional Parts for every Mi 
nute of Latitude ; andis thus to be underſtood : 

In the firſt Column towards the Left-hand (of each Page) 
are the Degrees of Latit. from 1 to 89 Degrees, In the next 6 
Columns are the Meridionat Parts for every 5 Minutes of Li. 
titude, anfwering to the Degrees in the firſt Column; and on the 
Left-hand Page are diſtinguiſhed, with om l zm 10m 1 1597 an 


om | 55m 1 at the Head of the Table. 

In the laſt Column of each Page towards the Right-hand ar: 
the Differences in Meridional Parts, to every 5 Minutes of Li. 
ri tude; by the help of which, and the following Table of Pr. 
portionable Parts, the Meridional Parts, to every Minute of Li- 
titude may be found. | 


Prob, 12. To find the Meridional Parts to every 5 Minutes f 


Latitude. 


Example 1. Suppoſe the Latitude of 13d. 10m. be given ; it 
nd the Meridional Parts belonging to it. 


Right againſt 13d. in the firſt Column of Page 286, and un- 
der 1om, (at the Head of the Table) in the 4th Column, you 


will find the Meridional Parts to be 797 Minutes. 


Exam. 2. Admit you were to find the Meridional Parts a. 
fwering to the Latitude 50d. rom. 


Right * od. in the 1ſt Column in Page 288, and unde : 


10m. (at the Head of the Table) in the 4th Column, you 
find 3490, which are the Meridional Parts required. 


25m1 and on the Right-hand Page, with 39m 1 3 5m 1 4oml 45m! 


— : — 
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CHAP. III. 


The Uſe of the Table of Proportional Parts next follows 
ing the Table of Meriodinal Parts. 


HE Uſe of this Table, is to find the Meridional Parts to 
every Minute of Latitude. 


Proportion 13. To find the Meridional Parts, for every Minute 
| of Latitude. 


Example 1. Suppoſe it were required to find the Meridional 
Parts for the Latitude 21d. 23m. 


Firſt, Find the Meridional Parts for the Latitude 214. 20m. 
(20m. being the next even 5, which is leſs than 23m.) which 
ou will find in Page 286, to be 1311; and right againſt 210. 
in the laſt Column (noted with the Difference at the dead 6 
the Table) you will find 6. 
Secondly, With this Difference 6, go to the Table of Pro- 
portional Parts, in Page 292, and look 6 (in the firſt Column 
thereof) under D, which ſtands for Difference, and becauſe 
23m. is 3 more than 20, look under 3 at the Head of the Fourth 
Column So then right againſt 6 in the Firſt Column, and 
right under 3 you will find 3. which add to 1311, and it makes 
1314 minutes the Meridional Parts for the Latitude 21d. 23m. 
required. 


Example 2. Let it be required to find the Meridional Parts 
anſwering to the Latitude 51d. 49m. 

The next leſs than 49m. is 45m. Therefore find the Meri- 
dionat Parts for 41d. 45m. which is 3651, and right againſt 
51 d. in the Column of Difference is 8. 

Now 49m. is 4m, above 45m. Therefore in the Table of 
Proportional Parts right againſt 8, and under 4, you will find 
the Proportional Parts to be 6; which add to 3651, makes 
3057 *. the Meridional Parts for the Latitude 51d. 49m. re- 
quired. 

And thus much may ſuffice for the Uſe of theſe Tables, and 


for this Diſcourſe, which I hope is Plain and Eaſy to every 
Reader. | 
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01.2 1,902 11.1.5 11.9 ot. R 2 

ol 3 12.9 01.3 11.9 01.5 12.9 01.9 13 

3.9 01.4 | 33.9} 914 | 13,9 91.7 13.9103.1 Ig 

01.5 | 14:9 2 14.9 or.8 14. 802. 2 th, 

Gt 6 | 15-9]o1.7 sol. | 15.8|02-3 16 

01.7 16:9] 01.8 16 9] 02-1 16.8 [o. 5 j 

9 el. s | [7:9]o1 9 | 17-9] 92-23 17.8] 02.6 [1 

(01.9 18.9] 02.0 | 18 9] 0243 18.802 8 9 

02.0 | 19:9] 92-1 | 19:8] 92:4 19.8|02.9 0 

o 2. 1 20,9 02+ 20,8 01.6 20.8 03.1 wU 

'g9| 02.2 | 31-9] oz. 3.8027 21.8] 03.2 1 

02.2 | 22-9] 02.4 | 22-8} 02.8 22.91]03.4 1 

oz. 3 | 23-91 oz F 23.$] 02-9 23-7] 03.5 24 

{oz 4 | 249]02.6 | one 24-7103.9 y 

25.9] 02.5 25.9102.7 15 25.8 03.2 25. 02.8 26 

$ 9|02.6 | 26-9] 02.8 26 $03.3 M3 * 1 

27.9 02.9 | 37 803.927 3103-4 27.7| 041 1 

18. 9 o. 8 28· 8003. 0 28.203˙8 28.7 | 04-3 9 

29.3 02.9 | 298103 1] 2201037 29:7 94:4 » 
30. B 03. o 30.8 03.2 30.8 03.8 30.7 04.5 1 
31.803.131 vioz.z | 3%:*103-9 31.6[04.79 5 
2003.2 [2803.43] 32.6 ol. 8 33 
33.8|03-3 33'8]oz.5 | 33-7]041 33-6]05.0 34 
348034 | 3*:803.7 | 347104. 34:6]05.1 U 

35 $103.5 | 35+5] 03.8 | 35.71 04-4 35-6]05.3 36 

36 8103.6 | 36-8] 03,9 | 36.7[04'5 36.605. 4 7 
37.803. 37.804.037. 704 6 37.6 05.6 1} 

18 8]03.8 | 33-3] 04.1 | 38.7194.8 38.6 05.7 39 

39 8[03-9 | 39-$[04-2 | 39.7124-9 log. 2 

8 N 40.8 04-3 40.7195 © 40.6 0601 06.4 41 
804. 1 5 41.8 o4˙4 41.7105. 1 41.5 96.2 06.61 4 
$1042 | 42.2] 04'5 | 42-7105-2 42:5]06.3 06.5 | # 

$]043 | 3.7 04.6 | 43:7 [95+ 43sS]o6-5 | 43-5 069| 4 

44 81044 | 44-7104 7 | 4471255 r 
7 277575 35-5106:7 | 45-4[07-2| 4 
46.8]04.6 46.7% 9 | 46.6[05.7 46-5107.9 073] 7 

67 $104.97 | 47+7 05: o ' 47.6105 9 T | 47-5]07.0 407.5 , 


48.8] 04.8 | 48.7|o5-1 | 48.6 06.0 48: s 48.50% | 48.4) 07.7 | 4? 
| 49.8 ] 04.9 | 49:7jo5*2 | 49 6 06.1 49-51 07-3 


p. Lat. Dep. p. Lat. Dep. Lat.'D = Dep. DepLar. Dep. Lat. U 
74 Poin.18 2. | — Dex: [2 Deg | 72 Point. | 81 D.g.! — 


Wd! ix wes 2 *. * SF, 7 -_ «- — > oo 


Of Latitude and Departure: 


o mY Y 


f 
& 
I 
AG 
by 
3 
- 
2 
701 
7 
E7 
— 


6 Dey. 7 Dep. | 8 De 43 7. Dep A 
Lat. Dep. Lat. 855 | TIER 
50.7 . $0.6 06.2 "Je * | 
SI,y 51.6 06.3 51.406. 1 
52.7 90 52.6 06. 5 52.3 [ob. 3 
53.7 13. 6 06.6 13.3108. 4 
2 $4.6 06.7 | $4.3] 28-6 
$5.7 $$ $5.6|06,8 8 55-3] 95,7 
$6.7 36.6 06 9 56.3108. 9 
577 $7-6{07 1 $7.3] OS,1 
58.7 58.607. 2 58,3] 09.2 
$9.2 [26'3 | 59:5[ 07.3 — 29-4 
60,7 60,5 [07,4 60. 109. 
61.6 61. 5 oy · 61.209. 7 
62,6 62+5] 07+7 62.2] 09*9 
63.6 63,5107'$ 63-2] 10-95 
64.6 64.5] 09+9 64.2|10.2 
65+6 65-F{} 08.0 65. 21103 
66 · 6 66-5]c8 2 66. 210.3 
67.610 6F-51J08,3 67,2} 10,6 
68.6 68.5 o8.4 68.1] 10.8 
69.6 69.5]o8,s5 69.1] 10.9 
70.6 70-5 58.7 70.1111 
71+6 71.5 [08-8 71.1111. 
72.6 72*4 Jo8.9 72.1 11.4 
73.6 73-4] 09*'C 273,11 11,6 
74.5978 | 74:4 [09.1 22 2 
75˙6 754 Jos. 3 75.1111.5 
76+6 76-4 og. 4 76-0] 12.0 
77'6 77;4|09.5 79-0] 12,2 
78.6 78.4] 09.6 78-0] 12.4 
7. — 22 22:91 22-3 
80,5 $0.4|09.9 $0.0] 14.7 
81,5 81.4 10.o $1.0 12,8 
82.5 $2.4 I 051 82.0 I3.0 
83.5 $3.4|10.2 83,0 13.1 
84-5 $4.4 10. 3 $3.5 L3*3 
85.5 $5.4|[10.4 24.9113. 4 
$6.5 $6.3 [o. 85-9] 13.6 
87.5 87.3 [to. 86.9 13.8 
88.5 88.3 [10.9 $7-9| 23.9 
ones 89-3 2 88.9] 14.1 
90,5 90. 311.1 25.9 14-2 
91.5 91.311. 2 90.981144 
92,5 92,3]1I+3 91-8] 14.5 
93,5 93-3]21,5 92.8] 14.7 
94.5] 09:9 | 94.3]u1:6 93-8114.9 | 
9345 95+3[ 11.7 94-8]15-0 
$6e's 96.3| 11-8 95.8} 15-3 
97-5 97.3 11˙0 96.8 11.3 
98.5 93.3 12.1 95. 8 15.5 
| 99.5 | 10.4|| 59.2 1˙2 98 $f 1c.6 
. | Dep. Lat. | Lat. Dep. Lat. Dep. Lat. 
— . IEP Deg. 17 4foint. 181 Deg. 
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= on Of oo nt on, ew," any on — = 3 — — 
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A Table of Difference 


y ods Win; man, 1 * 
S 3 * CIR 


Ste Deg.[] 11 Deg.] 7 Point. | 12 Dep, | 13 Deg. | 14 Deg. N 
— — — ͤ —— cc — —̃ͤʒ( — — 1 — — 1 —. 
S] Lat. Dep. Lat. Dep, Lat. Dep. Lat. D p. f Lat. Dax. Lat Dep. = 
9 91.0 OO. 2 [Ol. ol ocz lot. (OO, 1. ooo. 201.0 Ob- 201.01 00. 1 we 
23.6 00,4 | 02.0 00,4 | 02.0 [00.4 | 52.9 00.4 01.9| 004 01.9 o. 5 1 
312,900. | 02+9| 00.4 | 02.9 oo. o:. 9 Oo | 02.9007 | Ozigf007 | , 
4] 28.9] 00.97 | 03*9]00 8] 03,9|[00.8 | 03,9| 008 | 03.9 00.9 | O3*'9Jol,of , 
5] 22:2] 00:9 | 04:9]60 9] 04.9 [01.0 | 04,9|01.0 | 04.9|o1-1 af | ; 
6] 25-9j0L.0 os. set. 105.5. 205. [o. 2 | o5.8 01.305.804 
- 06,9 Olea | 06.9 01.308.901. 4 | o6.8]Ot.5 O6+8 01.6 06,9101,7| » 
' 8] 09-9[01-4 oss ot. 07:8 [oi 6 | 07:$]01r.7 | 07:8! or.y 07.8019 ? 
'9| ®8.9]0t's | og g[or.7 | 0848 o. | ef-g|or-9 | ob.y 02,0 | 08,7]02.2| 1 
10] 29.9101'7 | co.8[or.9 | 09'8[ot.sg | ogg 02-1 og. Oz.z | ©9.7102.4 | 1 
11] 10.8 0i.9 | fo 8[0:t,t | 10.8 [0:4 10.$]02,3 1047 Oles 10,7 [02,97 | 11 
12] U-8foz.,1 11'8[02.3 [11.8 [oz. 3 [. oz. 511. 01.7 | 11:6| 02:9 12 
13 12.8 O2. 3 12˙8 02.8 I 2*7 02.5 11˙7707.7J12˙7 02.9 12.6 03.1 13 
14 | 03310244 | 13'7 [oz7 | 13*7 [02:7 | 13g [02g | 1345! 0) 13.6.4 | 15 
5 141310246 14.02. 147 [02,9 | 14-7 [03.1 | 14,6; 3.4 | 14.5 [03,6 | x; 
16187 [Oz. 817 03.0 | Ig.7 03-1 15 6103.3 | 15.6 O26 | Is.5]03.9| 16 
1715.70 | 165 o. | 16.7 93.3 | 16,6]03-5 16.603. | 16.5] 04-t | n 
148] 1971031 | 17% [03.4 | 17:7 [03:5 | 15,6[03+7 | 19:5] 040 17-51244+|u 
"Pp 19-7 03'3 | 18's 02.6 | 18-6 103+7 | x8.6103'9 [18.5042 [18.4 04.6 | y 
— — ü3 * 19'6! 03 $ | 19.6 103'9 | 19.5]04.2 | 19.5 jo4.5 | 19,41 04.8| 19 
z1] 20,7]03.6 | 25,6 mpg 20. 6 [04.1 20. 5 04.120.504. [20.405 | 2t 
221.70 821.6 O4*2 | 21+6104,3 21+5[04.6 | 21-4j04-9 | 21-3053 | vi 
-} | *725104'S | 22*6'04-4 | 22*6[04-5 2250.8 | 22.4|05*2 | 22+3[05,6 | y 
| 24 | 23'6104'2 | 236 04-6 | 33'$[04*7 | 23*5[05.0 | 23-4{05%4 | 23,3] 05.8 | :; 
2 24:6104.3 | 234-5104.8 | 24*5|04.9 24.4] 05.2 [24.3 [0546 24-3106,0]1 
26 | 25.6104,5 2.5 [05.0 25. 3jO5-L | 25.41 05+4 [25.305 825. 206.3 
a7 | 20:6:04-7 | 26-5|05-4 | 26.5|05-3 | 26-4|05-5 | 26,3|06.1 | 26-2 06.5 | y 
2827604. 2755. 3 27:5 [og's | 27.4 05.8 2. 3106.3 [2 2[os. 38 u 
222. 005. 4 29505. 52 •5ſoß'7 28.406. o 28-3 06,5 2&1 [07-0 | 29 
_30 205 4 19˙4 05.7 | 29*5 os 29*3 06 · 2 29,2 06. 7 39 I [07,3 30 
z1 | 30.5, 95 430.405.930. 406. 30. 3 06. 4 30. 20 . 30.1 c. Ji 
32315953. 4 (06.1 | 3144 [062 3:-3]06-6 | 3,2[07.2 | 31.00%. 7 | 2 
33! 32*5:05,7 32.406. 3324 06,4 ; 32,3]06*'9 | Z2-k [07.4 | 32.0108.0 0 
31 33.5105. 9 23•4[06˙5[33˙35os. 633. 205. | 33-1[07-6 | 33,0{08.2 | 4; F 
5 3951241 | 343J067 | 2473 Jo6:2 | 14.2)07.3 | 34.1! 07:9 34-0,08-5 135; 
35 39¼4 (6.2 75.7 06.9 25-3 07.0. 35+2|O7.5 | 3*-2jO08.x | 34.9| 08,7 | 36| | 
37 36+4]06-4 | 36-3]07,1'| 36-3 7 35.3 0. 7 36.00. 335.9 09.0 
38 37.4]06'6 | 37-3|07-2 | 39:3 [07:4 37. 2 0% 37˙0 08. f 36.9 0% | 3b 
39) 3 864} £6-8 38.3 o. 138.207.6338. 1[oB-· 130 [o. 337.809.419 
18 39-4\ 069 39-3107.5 | 39.2 [07-$ | 39.1!08.3 | 39%0]0g.0 38.8 09.7 14 
41; 4'-+[07.r 4. 2 [%½840.¼2 08.0 40. 1 08.5 39.9 [0.35.8 09.9 | 4 
471 +1*4[ 07.3 [41 2 [o8.0 4.20%. 2 41.1 o8.7 | 40-9[09.4 | 40. 7 10.2 | 4: 
j #31 4231075 | az'2 [of-2 | g2ez [08:4 | 42-1 08-1 | 41-9 | 09.7 417 | Lo-4 | 4} 
**1 43:3] 07-7 | 43.2] o8'4 | 43-1 [08.6 | 43-0 09.9 | 42:9 09-9 | 42.5 [10.6 | 4 
44 44 3 (7.3 | 442 of.6) 34.10. 8 44.0 09.4 43*8|10,r 432111. 4 
46 |.45-3|C8.0 | 45.2 |on.8 45.1 |09.0 45-0 09,6 | 44.10.3446 111 1 
+7} 46-3| O8.r | 46-1 e. o 46.109. 2 46-0 09.8 | 4x5-8110,6 | 45.6 11.4 
+5 | 47:3] 8.3 | 451 [og | av. 09.4 | 47-0 10.0 46. 70.8 | 46.5|11.6 1 | 
49] 48*3/03.5 48''] 9.3 | 48-1 |09.6 | 47.9 Ic. 47.71. 0.51.9 95 
£01 +0.:to8.5 49.1] c9.5 | 49.6 [098 | 48.9 10.4 48.72 48.610 
= D p' Lat De; |: at. Det. Lat. Dep. Lat Dep. Lat. Dep Lat 8 
80 Deg. | 79 Deg. 17 Point. 73 Deg. | 77 Deg. 70 Deg. 2 
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>| & 6.26 el wwe cc the... oc 


Of Latitude 


and Departure. 


&S 10 Deg. | 11. b 5 


12 Deg. 


— ——— ” 


Lit. Dep. 


„ * 8 
r 
— 
4 
* 
— 


82242 
PRESS. 


& eo wv 
=©Xx 
2 * 


D-p. 


Dep = Dep: 


10,6 
10 8 
11 0 
11.2 
11.4 


11.6 
11.8 
12.1 
12. 3 
— 
11.7 
12.9 
131 
13˙3 
13-5 
13.7 
13.9 
14.1 
14.3 
14:5 
14.8 
15,0 
15.2 
15.4 
15.6 
15.8 
16.0 
16.2 
164 
16.0 


10. 
17 © 
17.2 
175 
17.7 
17.5 
18.1 
18.3 
18.5 
18.7 


— — — 


18.5 
19.1 
19.2 
19.5 
19.7 


20.0 
20.2 
| 20 4 
20. 6 
20 8 


Lat. 


Teint. 78. Dep. 


1 Deg. 79 7 Deg. 


„ 


. 


19 | 99-7 


of Table of Difference 


47-5 | 1149 
11.1 


Dep: Lat 


' 63 Point. | 


13 Point. 


Dep. Lat 5 
. [63 Point, 


— — 


— S ow „ oO ſm vw HH S, ww. ©... a fa a. ww Be, 2 


1 


E 


Of Latitude and Departure. 


TF Deg. | 16 Deg. |1] Pofutſi7 Deg. | 18 Des. 


DS 17 Point 8 
at. Dep Lat. Dep. Lat. Dep. 
69.3} 12.4 | 49,3 13.2 | 49-0 14.0 
50-4] 12-6 | 50. 2 13,5 | 49.0 14.3 
51.4413. SI-2 13. 7 50.9 14.6 
$23-4[ 13.1 | 52-2, 14.0 51.5 149 
$3-3] 13 4 | 53-17 14-2 | $2+9 18-2 
$43] 13S | 54,1|14.5 | $3-8: 1544 
$5-3] 43'S 355.114.858 15.7 
6-3] 14-1 | 56,0]15-0 55.7 , 1640 
$7.3[ 14-3 | 545 | £5+3 | $6.7 16.3 
n 
59.2148 9 55 15.8 58.6 16.5 
60.4] I5-L| go-gl 1601 | 5961701 
Gt.T| 15-3 | 66.g[ 16'3 | $0:5 [17% 
G2.1| 15-5 | gx-gf 16's | Shes [17.6 
63.9] 15-8 | 62.8] 16:8 | 62:5 [17:9 
64.0] 16-0 | 63,7| 17.1 | 63-4; 18-2 
65.0 16.3 | 6447 [17.4 | 64,4| 185 
66.0 16.5 65+7 I7,6 65.4 18.7 
66.9| 16+8 66.6{17+9 | 66.3 | 19-0 
67-91 — | 67.0| 18-1 | 67-3|1993 
68.9 1;/-2 | GE 18,3 | 68-2 | 19-6 
69,8] 17.5 69.3 18.6 69.2 19.8 
70.817.770 · 518. | 7042 |20'1 
71.8 18-0 7 leg ll | 7L-I | 29%4 
een 
73.419.773. 0 20. 9 
74.419.974. 0212 
75.320.275. 0215 

76.3 20.4 | 75,9 31*8 

7743 28.2 76.9 22,0 

78.3 21.0 77.9 22.3 

79.3212 [78.8 22.6 

50.2 21˙5 [7.8 [22.9 
381.121.780.823. 

8:1 23.0 | $1.9 [21.4 

$3-I1]22,3 $2.7 [23.7 

84˙0 22.5 $3.6 |*4*0 

850 22.8 84.6272 

86 023.0 25.624˙5 

$6.9]23-3 L445 
87.923.587. 525.1 
88.923.888. 425.3 

39.8 24.1 89.4 25.6 

90:82. | 90.4; 259 

91.8124.6 91.3{526.2 

92.7 | 24-5 | 92.3] 26-4 

93*+7 | 25. |) 93.2 | 2657 

94.7 | 35.4 | 54.2 27%0 

95.6] 25.6 | 95-2 |27,3 

5 — — | 96-1 27.6 


D:p. 5 p. Lit. Deo. Lat. 


Lat. Dep. Lat. Dep. 


48.8 14.8 


19.7 


50.7 


51.7 
$52.6 
53.6 
54˙3 
$$*$ 
56˙5 
57-4 
$ 334 
$ 9*3 
60.3 
61.2 
62,2 
63.2 
64.1 
65. i 
66. o 
67-0 


4 TEE 


15.1 
15˙3 
I 597 
16. 


16.2 
16.5 
16. 8 
v7.1 
17-4 
17.7 
19. o 
18.3 
I 86 
8.9 


19.2 
19.4 
19.7 
20.0 
20.3 
20. 6 
20.9 
Zhe2 
21.5 
21,8 


12.1 
12.3 
32,6 
22.9 
23 ·˙2 
13.5 
23. 8 
24˙1 
24.4 
24.7 
25.0 
25. 
25*5 
25. 8 
26+1 


27.9 


92.81 28.2 


93.2 
94. 
95-7 


28,4 


28.7 | 


* 


48.8 
49.7 
30 · 
$1.6 


5226 


53.5 
54.4 
55.5 
56.4 


72 


58.3 
593 
60. 2 
61·˙2 
63.1 
— 
63.1 
64˙1 


65· 0 


66:0 
66.9 
67.9 
68.8 
69.8 
70. 8 
74.7 


72.7 
73.6 
74. 6 
75.5 
7.5 


77. 5 
78.4 
79,4 
80.3 
81.3 


82.2 
83. 2 
$4.1 
85.1 
86. 


14˙9 
15.2 
15. 5 
15. 8 
16. 


16.4 
16.7 
17. o 
17.2 
kd, 


17.8 
18. 
18.4 
18. 
19. o 


1943 
19,6 
I 9-9 
2v'2 
20˙5 


20. 8 
21. o 
213 
21*6 
21.9 


22. 
22,5 
33.8 
231 
23˙4 
23.7 
24-0 
24,3 


| 
( 


24.5 
24.8 


25.1 
25.4 
2 5*7 
26. o 


26.3 


91.8 12 „1 
92.8 28.4 
93.7 128.6 


94.7 


28.9 


29,0 85.6 29.2 


2 —— 
D.. 14 9 6 


La. 


48.5 
49:4 
50,4 
51.3 
$2.3 


$33 
$442 
$$'2 
56˙1 
57-1 
$8.0 
$ 9+ 
$9*9 
60.9 
61. 5 


— 


62.8 
63.7 
64-7 
65.6 
66,6 
67. 
68. 
69.4 


70.4 


71:3 
72.3 
73˙2 
74.2 


75-1 
76'I 


75.0 


78-0 
78'9 
79.9 
80. 8 


81.8 


32.7 


82,7 
84.6 
$5-6 
86.5 
$7.5 
$8.4 


_ $9.4 


20. 2 
91.3 
92.3 
93.2 


94-2 


Dep. 


5.8 
16.1 
16.4 
16.7 
17.3 
17. 6 
17.9 
1. 2 
18.5 
18. 8 
19,2 
19.5 
19.8 
20. 1 
30. 4 
20.7 
231.0 
21. 3 
21.6 


21.9 
232*2 
22,6 
23.9 
23.2 


23,5 
23. 8 
24.1 
14. 4 
24,7 


25,0 
ZFoJ 


25.6 
26.0 


26+} 


26. 6 
26.9 


27. 2 


27.5 


7.8 


18.1 


28.4 1 


28.7 
29.0 
29,3 


29." 


30 · o 
30˙3 


30.6 
95 20.9 100 


D. p. Lat. P p. Lat. T 


97 
98 
99 


62 Point. eg. 72 D'g. => 
(b) 


— ——— ———— — — — 


—ů— 


| S\19 Dey. [17 Point| 20 Deke [21 Deg. [22 
=> Lat. Dep. | Lat Lat mt. Dep. Lat at. Dep. | Lat 


A Table of Difference. 


Leg. 2 Points, © 


— | 50.9[00.3 | 0c.9| 00.3 | o.s 00.3 | 00,9, 00,4 | co.9 
2 lot. 9 oo. 6 | £1.91007 ot. Joe. 7 | of 9 o. 01.8 
z 02:8|o1.0 2.8 ol. oo 8]ot.o| oz.8jo1.1 | 02.8 
1 4] 03:8]o1.3 63.801. 303.801. 4403.70 4 | 03-7 
$| 2471225] e4:701.7 | o47ſor 7 | 04.7, 07.3 | 04:5 


61] 05.7101,9 | 05.6102.0 | o5,6102.0 loss or. | og,s 
7 06.6 [02,3 | 06.6] 02-4 | 06-6] 02.4 | 06.5] 02.5 | 06.5 
$] 07-6]02.6 |] 07.5] 0257 | 07.5]02.7 | 07.510: 9 | 07.4 
p| 08-502.9 | 08.5]03.0 | o8.5} 03.1 | 08 4] 03-2 | o8.; 
10 09-5 03.2 | 09.4103.4 | 09 4] O23 4] C9:3{036 | o9 2 


111 10 4103.6] 10,4[02.9 [10,3]03.8 | 10.3][63.9 | 10.: 
I2] 11.3]c3g} 11.3104.0 | H.3] 04] 1.204311. 
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22] 20.80%. 220 7]07 4 20.7 [07.5 20 50%. | 204 
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12.0 | 39.6] 12.2 N 
12.4 30 52.65 
12.9 314030 
22 
125 33.311368 "ll. 7 
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61 $7-7 3 4 * 20-9 58,3 of hh * 22 · 6 58.4 2 3*6 1 * 64 4 
1 4 wt. 55722. | 59.3 [24.0 9 oy 65 3 
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20-12 9323.3 63.524 404258 | 63-7) 26.4 69 ad 
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| 72 68.1 . Bo 2-+,6 68 6 r 2645 68.6 27.7 a wy 
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; 0 . 255 . —} pay 1 I 
2 7091244 e e | Es 2.474471 %½ %%% 
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27 | 73.4263 | 73-3 28.373.229 's | 80 y 
| g 13-71 35-4 p 6 227.0 73.7 F o*'@ | -3*F 30'6 — is 
25 * = —＋ * 2 241222 = Fo 185 74-$|31.0 — 1 
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12 727/44.) 77.047.555 222.0 J 77 72703284 i 
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©4.6102-0 | c4'5foz I } os. flo. | o4*'5h ©2.3 
05.502.405, 402,5 105 4} 02.6 | c5.4 02.7 
06-4] 03+8 | 06.3] 03.0 | 06.3] 03.0 Jos.; 03.2 
07-31 03*2| 07.2103.4 | 07-210; 4 | 07.2 03 6 
08. 2403. | 08. 2f 028] c8-1163,: [e810 oJ04.1 
O9.1 04-1 1105.1 04 2 ©£9-0104,3 | 090 o4s 
10,0 04.5 10.0] 04.6 {©9.9] 04.7 | og 05 o 
It oo. 9 10.905. 1 [io Sog. io. 05.4 
I1.9]og.3 | 11.8055 12-7] og.6 | 11.9 os.8 
12.8] 05.7 | 12.7J05s.9 | 13 7105.9 | 2,6 06, 4 
13.7]06.1 [% [J [13.5 2 
14-6[o06.5 | 14:5] 06.8 Loo. | 19.4 07.3 
155 los.9 1 15-4107 21] 15.4 07+3 | 15-3 07.7 
16.407. 316.397.616.307 | 16-2 08 2 
17.4] 07.7 | 17 208.0 17. a[os-11˙ 08.6 
!18.3}os.1 | 18-11084 | 18.1]gx'5 | 18.0 09.1 
19-2o8.5 | 19-0]08.9 | 19.0| 9.0 | 18:9 09.5 
20-I] 08-9 [19.0.3 | 19.9} 094 | 19.8 10 0 
21 [os 3 20. 8J09 7 | 20 8 09.8 | 20:7 I 0.4 
21*9]g9.8 | 331-7] 10.2 21,7]n0.3 | 21.6 10.9 
281% [22.6 10.7 | 22 5 18.3 
33-7] 16.6 | 2% | 235] 17.1 | 35.4 11.8 
24-7}11.0| 745111.4[24.4|17.5 | 24.3 12.3 
25*6|r1.4 | £5:41]11.8 [25.3 12.0 | 25.2 12.7 
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30.11143-4| 27 91239 | 29.8þ141 | 29.9 15.0 
31.1 13'8 30 8, 14+ 4 30,71 14'5 þ 3.6 L 5.45 
32.0114 3 | 37712148] 31.6]15-0 31.5 1.2|r59 
32-9] 14» | 32.615. 2 32.5154 32.4 16.3 
33-8 +$4 33-5]15'6 33.415.833. 16.8 
3715.5 | 34-4]1%0 34.316, 34.1 17.2 
3.615.935.3165 | 35.3]16,7 | 35.0 17.7 
36.5 16.3 | 36-2 16-9 | 26,2|17.1 | 35.9 18.2 
37.5 ey 37-2117+3 | 33,1] 47.5 | 36:8 18.6 
32.41. 1 38.1 17-7 | 380 18.0 37.7 4115.1 
393117. | 39-0] 2 | 38 9| 18.4 | 33.6 19.5 
40'2] 17.9 29.9]186 39.8118.8 | 29.5 20 0 
41.1118 310 6 27 122404 20. 4 
42-01 8,7 | 41.7 119-+ | 41 6119-7 [41.3 20.9 
42+9] (9.1 | 42,6019-9 | 42.5]20'1 | 42,2 21.3 
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2 00,9] 00.5 oo. oc. 5 | 00,9 OO.5 oo. 00.; 5 0 00. 9 00.5 1 | = 
| 2] 01,81]00.9 | el.'$| 00-9 | 01.7 Ol o ot . 0. o ! c1.7 010 | 01.7| 01-0 1 — 
| 3 02,6|01,.4 | 02*6 |[Ol-4 | 02:6, 01 4 | 02+6|OL'5F 02˙6 01. 5 O2+6|O1'S 1 5 
41 93,5] 919 | 03'5|029 | 03,5 OL, 9 | 03*5| 02% } 03.4!i092e1 | 03:4|02'1 4 5 
$| Sek | 044224 | 24:4 2d | ap leney | 04-2[03-6 | 04.3002.) 4 
65. 302.8 | o;,; [02,8 | og.2 02.9 o o. | 05,1 {0:.x | 05 1103.1 * q 
7 | 96,2] 03.3 06.2 03.306.103, 4 [os o; - 5 06.003 · 6 061 03-6] » — 
g| 07,1 03.8 | 07,1 [03.8 09+0|03,9 | 06+9| 0440 | 06.9] 04'3 | ©6,91041| | $ 
9| 97.9] 94-2 | 07-g|c4.2 | 09:9 04.4 07,8|04's 07.740 4's 07,7]194'6| yg 8. 
10 08,8 04.7 | 08+8104.7 | 08,7|04.8 | 08,7|05'0 | c8.5|o5.1 | 08.6 95't] to 5 
119“. 209. [os 2 | £9.6|05.3 | 09.5|05.5 | 09.4j05-6 | 09.4|05.7 | 1,| + 
123 | 10:6] 05+6 | 10.6 |0g's | 10-5|0548 I0 4 06.0 | 10+3|©6-2 | 10+3] 0602 1 — 
13 II-$|c6.1 11.5 001 1 11.4J06˙3 [11 3 06.5 | tI*x106,7 1108.7 13 61 
14 12+4 | 06,6 12.3 06,6 12. 2J[06˙8 12. 107% | I2-0107,2 | 12˙0 07.3 14 5 2 62 
15| 13-32197-0 | n3.207.1 13,1 [073 13,6109's | 12:9 07.7 | 1249] 07.7 | 1;| WR 3 
16] 141]07.5] 14.1 07,4 | 14+0197+7 | 13,9]08.0 | 13.7 |08-2 | 13.7|08.2 171 Gs 
17 r5,0]108.0 15+0]08,0 | 14-9108,2 | 14.7108 5 | 14-6087 | I4:6108.8 | j-| 
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\ 22 | 19+4| 1093 9.410. 3 [19.2 10.7 [1.0 11.0 [18.9113 [18.9113 
23 | 20+3] ©0'8 20 · 3 [le- s 20. 11. 112.5 [ 11.5 15. 11.8 [15.718 1 1 4 
24| 2143] 1133 | 2142 [Ire 21.0.6 20.8 [12.0 | 20,6|12.2 | 20.6 12˙4 24 a 1 
2 | 22:8] Ly | 22.0 [ers | 22.9102.1 zue 12.5 | 21.g]12-8 | 21.40 12-9 | y| RRP, 
26 | 33-0{ 12.2 22.9123 [22.7 12.6 22.5|13-0 | 22.3[13.4 | 22:3 I 344 | of 77 
a7 | 23*8]12'7 | 23 81127 | 23.6[13-1 | 23-4[13:5 | a3-1[13.9 | 23-1] 13.9 | 77 
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31 | 27+-4]14-5 [7.314.627 [15.0 26,8]15+s | 36.6]15.9 | 26.6|16.0 | 1 eo 
32282 15.0 8.315. 1 | 28.0 15˙5 27.716 · | 2.4616. 4 37-4| 165 | | 7 71 
3329.15, 29.115.528. 16.0 [28.616˙3 [28.3170 | 28-3|17-0 | 92 
34 30,0 I6*0 30. o 16.0 297 16. 5 29.5 17. o 29,2 17.5 29˙1 17˙5 4 | $3 | 
35 | 39:9]16.1 | 20.9[16:5 | 30,6170 | 30:3] 17-5 | 20.9] 18:0 | 309] 18.s | 3 WAGs | 
36 | 31,8] 16-9 | 31 7117.0 31.517.431 2118.0 | 30-9|38.5 | 30,91 18,5 | 6 RS; | 
37 | 323+-71[17,4 | 32,6 |19.4 | 32:4 [17'9 32.0 I8.5 | 31-7] [lgro | 31.719. 31) 2 Fo; | 
38 33*5| 19-0 | 33-5 [37:9 | 33.2[15*4 | 32.9 19.0 | 32*'5|I9'5 | 32:6[19.6 N 8717 
39 34-4| 1643 | 34.418˙4 | 34-1118'9 | 33,8|19:5 | 33*4|20'0 | 33:4] 20.1 | % ee! 
49 | 35431188 | 35.3] 18:9 | 35-0119: | 24.6| 20. | 34:30 20.6 | 34.3] 20.6 | PL, |. 
41] 36.2| 19.2 | 36.1 119-3 35-8. 19.9 | 35.5 {2005 | 35. 2[21.1[ 35.1 | 21-1 | 4 e 
| 42] 37-1|19.7 | 37-0[19-8 | 36,7 [20-4 | 36.4 | 21-0 | 36-0]21.6 | 36.0] 21,6 | 4 T7 
43 38-0|20,1 | 27 9[20'3 | 39,6 20˙8 | 39-2|21.5 | 36-9|22+1I | 369 22.1 us 
4+| 38.8[206 | 28 8]207 | 38,5 1.3 38˙1 22.0377 22˙6 37%7 | 326 „ 
$45] 292 [207 | 39.7 [20:2 ee | 386 [2p't | eee 
46 40. 6 21. 6 40. 6 21.7 40. 22.3 39.8 13.0 39˙5 23.6 39-4 2347 4 0 < 8 
47] 41+5| 22.7 | 4144 [2252 | gieu [2248 | 40.9 23.543 24.2 40-31 34-2 | Wc | 
48 | 4244 | 22:5 | 42:3|22:6 | 42:0 [23-3 | 41.6 24.0 | 41:2[24.7 | 41'1]24'7 4] 57 5 
„. 21 | 4312 [23-2 | 42:3 [3357 | 42:4 24,5 | 42:0 [25.2 | 42'0|25'2 | Vip ie. 
$9] 4461 123.6 4412.6 43:7 [242 | 43.3 25,0 | 422925 7 | 42.9|25.7 Y 
D Dep. Lat. D epl Lat. Dep. Lat. Pep. Lat Dep. Lat. Dep. Lat. A2 
| 62 $2 Deg. '5 TPoint. G1 Deg. 60 Deg. 5; Point. | | 59 De 8. ' D 
| 


Of Latitude and Departure. 


S | 28 Deg. Alon. | 29 Dey. | 30 Deg. | 23 Fon 
E Lat. Dep. Lat. P p · Lat. D p. Lat. Dep. Lat [Dep. 


Si 45-0 23.9 4501240 44*6 24.9 1 44 2 |25S.5F 42.7 26.2 
$2 |[4519|24 4 | 45-9 12445 | 45+5]:5.2 | 45 0286.0 44 6|26.7 
5346˙8⁸ 24-9 | 46.7 [250 | 46 3]25.7 | 45,9|26.5 | 45-5 [27-3 
54 1497 | 25-2 47+6 256 | 4745 [26:3 | 46,8 29,0 4637.8 
$5 1486 25-8 | 48.5 [25 9 | 48.1 26 7 | 47.6]27,5 | 47-2 28.3 


— 1 —̃ 1 JT — 


36 49-4 26.3 | 49.4 26.4 | 49 6129.1 48 518.048.028 8 

7 503 26.8 50.3 26.948227 6 49.4|28 5 [18.9 29.3 

| WY 55 [5142 [2742 | SH [27.3 | $0.7 [28.1 50.2| 29.0 | 49-7 [298 
65 [53:1 [27-7 | $20 [27.8] $1.6128.6 | 51. 1255] 50-6|30.3 
% [530 (28:2 | $2-9[28:2 | 52.5 [29-1 52.0 30. o 31-5] 30-8 
6153.28.68 | $34 [28.7 53.325,65] 3ors | 5334 
IJ 621 547129-1] 54 7129.23 | 54.230, ! 53.713199 | $3-2| 31,9 
SH $5.61396 | SS 6129.7 | 5511305] 54g] 31.5 | $40[ 32.4 
56,5] 3%0 55.430. 56.041054 32,0 549325 
wy 55 (57:4[ 3015 | $73 [30:5 | 56:8]31-5 | 56.3] 32:5 | 55-7[42 4 
0 65\5$8.3]3!1.0 | 58.3] 31.1 57 7132.0 $7.2] 33-0 | $6.6 


MH WP {t{t. 2M FP. A. + 4 DP. @©S... Att tn IO 


339 
| 55.2 31-4 } 59-I131-6 | 58.6132 5Þ] 58.0] 33.5 | 7.51244 
= 68, 60.0 31.9 } 60 0] 32,0 $9,5133-0 | 58.9] 34-0 58-3| 35.0 
66 60,9] 32.4 | 60.8] 32.5 60.3133-4 | 52.7] 3445 [5.2 35.5 
[32 | 7 [13:0 | 61.2[33-9 | 606] 35-0 | 66,0350 
{RF 71[c27[33.3 | 6:-6[33-5 | 62.1{34.4 | 61.5 35.8 | 60,9]36.5 
} % 4 72 6346 33.8 63˙5 33.9 63.0 34,9 62,3 36.0 61.8137.0 
4 ; 73644 34-3 | 644134 4 | 63-$135 4 | 63.2] 36.5 | 62.6|37.5 | 
j $74,565 31347 | 65:3 134-9 | 64.9|35.9 | 6411370 | 63.5 |38.0 
6 Wes (56-2 [35-2 | 56-1 [35:4 [ 65.6126 «| 65.9] 37.5 þ 64.3. /38-6| 
W 77440557 67. 0[ 35.8 9.55865 838.0652 35,1 
se 67.3% | 67.3] 373 | 66.9] 38.566 03.6 
10 78168.9136.6 | 68 8136.8 | 68.237.867. [39.0 66-9 40.1 
3 79;697[37-1 | 69.7|37-2 | 69.1138 3 | 68 4| 29.5 [6% 8 40 6 
1] Ro [70.6[37.6 [70 5137-7 170 038.8 | 69 3 40 0] 68 6 41.1 
2 Wer [71.5{ 38.0 | 71.4 [35,2 70 8139.3 | 70.1] 707 | got arg 
3 $:172.4|38.5 7:31:23 6 | 71.7]?97 | 79.9] aro 70.3 42,3 | wo. N #44 
3; [73-3[39.0 | 73.2[ 39.1 | 72 6.271.841. 5 71.2 42,7 |'71.1[42.9 — wy 
3) | ; 84 74.2 39.4 74.1 39.6 73.5 40 7 72.7 42.0 721 43.2 72 © 43-3 — * 
il eo [95 0f40 I | 74-3[41-2 73:61 42.5 [72.5 43.7 | 52.9 438 5 { 
8s [75-9 [40-4 | 75-8] 40-5 | 75-2419 | 745153 0 | 5 iir fo 1 
I 0 %, i % „(GE 
* 7.74.3 77.6.5 77042776. 44.0 71. 45 75.4 45.3 88 LY: 
L989 [78-6[41-8 | 72 5 [41.9 7713.177144; 76 3 775 8 76.345.818 = 
| Pp 79-5142-2 | 79 4 42-4 787 43.6 77.9445 0 77˙2 46.3 [77 1 45.2 es 1 
eee 796|agt 7 | 50 aos. 78.0 [46.9 |<. 4 
4 W-: '812[43.2 | 81.1 [43-4 ; $0:5144 6 | 79.7 [46.0 | 78 9.473 | 98.0147.4 | 7 [1 
' WF 5j 32.1]43 6 | 82 0[43-8 | $1.3]45 1 | 80.5 46.5 79.8 47-8 | -9.9 147.9 2 #4 
T4IP4[t3 0/441 [82.9 [44 3 | 32.2145.6 | 81.4]47-0 | 30.6 40.3 20.6 48.455 i 
| „ 1.5 416 |83-8/44'8 8146.1 el 81.5 48-8. $1-4 40.9 5 * 
eee rie ag 82.3 49.4 |<; 19 
ö - W155 61455 | 85.5 [45-7 | 84.8],9,0| 84.048 513 2 49.9 5110.8 2 104 
c 90 56 $5.5 46. o $6.4 | 46-3 859 +7.5 | $4.9] 49.0 | 84.1 50.4 84.0 50.5 ve 
-E. | 87.3 [467 36.648. o 85-71 49-5 24.5 509 | $49 510 "y 
| OE [13 21459 | 84.2 | 47% | 87:5[48;; 6 4/50 6 87.5 $1-4' 72 81.3 % 


D pat. 'Dep- Lat. Bep Lat. Dep. Lat. Dep. Lat. Dep. Lat. S 
| 62 Deg. N D 61 Deg. | C Deg. Lens. 59 Deg, =) 


SK OM. 


A Table of Difference 


Sz 321 31 Deg. | 33 Deg. | 3 Points. | 34 Deg. 
EU Dep. Lat, Pep. Lat. Dep. Lat. Pep. 
—7 | 00,8 00.5 oO. B oc. 5 | 00, 00.8 OO. 0 00.8: 00.5 
2101.70. 1 [1701.114017 01.1 01.701. 
31023016 | 02-5 |01.6 [02,5 01.7 [o. 501. 
4 03.4 922. 03.4102 2 03.3 02.2 03.3 92 •2 
IEE 
65. 103.2 [05̃. o oB. 305.03. 305.0034 
7 | 95 9] 93*7 | 05.9 [03-8 | 05-8|03,9 0 5. 803.9 
8] 06:8] 94-2 | 06-7 [04.4 | 06-6|04,4 | 06,6104*5 
5.6048 | 07,5 [04,9 | 07,5|05-0 [oz. 55. o 
10 08.c|05-3 | 08,4|05-4 | 08.3] 05.6 08.3 05.6 
11] 09-3[05.8 [o. 2 06 % 9. 106.1 | 09.1 06.1 
12 10.3 06.4 10. 1 os 5 10,0 06,7 N 99.9 06,7 
13] 11.6] 069 | 10.9 o, 1] 10.90%. 2 | 10.8] 9743 
I4 | $1.9] 97*4 | 11.7. 07.6 11+6]07,8 | 11-6 |07+8 
15] 12.7127? | 12,6 08.2 12-5[08.3 | 12-4] 98.4 
"76 | 33.6 | 08.5 13.4 o8,7 | 13-3198,9 | 13,3]08.9 
17 14.4 09.0 14.3 09. 3 14.1105. 4 14.1 09. 5 
48 11.3 09.5 I yl 09,8 15. o 10.o 19 ˙9 10. 
19 16.110. 115.510. 315. 40.615719. 6 
20 23 (0,6 [16.810 9 [16.6[11. 116. 1.2 
21 | 17,86011.1 17.6.4 1. 511.7 17.4117 
2216,61. 718.5 12.16.3182 | 13-2] 1243 
23 | 19.5 112.2 | 19.3 [2.5 | 19.1 12,8 | 19-0] 12*%8 
24 | 20,3] 12:7 | 2001[13.4 | 2000[13.3 | 19.9] 13-4 
25 | 21.3[13-8 | 21.0[13.6 | 29:7 [13.9 | 20.7] 14.9 
26 | 22 of *3:8 | 21.8|14.2 | 2:46 [14,4 | 21,5] 14,5 
27 22,91 14'3 [22.64.7224] | 22,4] 75,1 
23 23 614.8 23,5|15.2 | 23+3]15*5 | 23.2 15.6 
39| 24-7] 15.4 | 24,315.58 | 24.1 16,1 | 24-0 16.2 
30| 25*4[45-9 | 25.2|16-3 | 24,9|15-7 | 24.9 — 4 
31 26.3164 [26.0 16.9 | 258|17-2 | 25,7] 17.3 
32| 27 1|17-0 | 2648]17.4 | 26-6 [17-8 | 26.5 | 17.9 
33\ 28:0| 19'S | 29-7] 18-0] 27,4 |I83 | 274 18,4 
34| 28:g|a%; | 28-5 [18-5 | 28.3 [18:9 | 28.2 [49-0 
35 22 2 3 | 29.4|191 | 29.1 [19.4 | 290| 12.6 
36 30. 58. 130.2 15.629. |20.I | 29,8 |30eT 
57314 (45.63 |30-1 | 30.7 20 · 6 30,7 20.7 
38| 33,2|201 | 31,9 [% [31,621.10 | 31,5 [21.2 
39| 33.4 |2Q%7 | 32e7 | 20-2 | 32.4 [2457 | 32,3 | 1G 
49| 33:9] 24:2 | 33-5 [34.8 | 33:3 [32:3 | 33:2 [22:4 
41] 34.81 . | 34.4| 22-3 | 34.1 [22-8 | 34,0 | 32+9 
42| 35-6|122,3 | 35,2 [22,9 | 34.9|23.3 | 34.8 23.5 
43 36-5] 22:8 | 36,1 |23.4 | 35.7 [33.9 | 3546 24.0 
4 | 37.3| 23-9 | 86,9 [34.0 | 36.6 |24 4 | 36, 2446 
48 * | y7.7þ 24.5 | 39-4 [25-0 | 39.3 252 
46 39.0 24.4 | 38.6|35.0 | 38.2 25.5. 
4749.9 34,9 | 39-4 | 25+6 | 39.1 [26.7 
48 | 40.7 25-4 | 40.3|26.1 | 39-9 [26.7 
49] 41.5 2C'S | 41-1 | 26.9 | 40-7 [27.2 
50 42-4 26-5 41.9 237-2 41.6 29:8 
Q. D-p- Lat. DeplL Lat. Dep. Lat. 
2 | 581 Deg. | * 5 | F Point. 


©0,8 
01. 6 
02.5 
03.3 
04. 
04.9 
05.7 
06. 5 
07,4 
o8,z 


09,0 
09.8 
10.6 
IIes 
12.3 
13-t 
13-9 
14.7 
I 5.6 
16,4 
17.2 
18. o 
18.8 
19.7 
20, 5 


21.3 
2Zol 
22.9 
43 · 8 
14. 6 


2F+4 
26.2 
27. o 
37.9 
28-7 
ZLeF 
30-3 
31.1 
Z3,0 
31.8 


33.6 
34.4 
37.2 
36. o 
36-9 


37.7 
38.5 
39.3 
40. 

44. 0 


5 Dep. 


35 Deg- 
Lat, Deg. 


0U.6 
01. 1 
017 
DO2+3 
02,9 


03.4 
04. o 
04,6 
05.2 
— 
06.3 
06.9 
07.5 
o8.0 
08.6 


09. 2 
o9.8 
10.3 
10.9 
11.5 


11.0 
12.6 
13.2 
13,8 
14.3 


14.9 
1 5.5 
16. 
16,6 
I7.2 


17.8 
18,3 
18.9 
[9.8 | 


20,1 


20.6 
21*2 
21.8 
22.3 
11.9 


23.5 
24.1 
24˙6 
258.2 
58 
26.4 
271 
27.6 
23 2 


Dat. 


— 


28.8 


E E 


228517 
+» — — 


89 22 ** — -Fyial 


” 
N * w 2 — 1 
1 * 1 — 5 8 
5 8 5 „ 2 7% "ES. a 
* 1 © 


ne n 


8 U v2 


* 
-, Foſs 
* - 7 
2. 26% Laan 


on 
TY Saas... i 


Of Latitude and Departure: 


3 Points.| 3 


33 Deg. 
Wor at. Dep. | c. 


34 Deg. | 
Lat. Dep. Lat. 


35 Deg. | 


(cg 


Dep. Dep., La'. Dep Dep. 

, 42.84 27.8 | 42:4 20.3 4243 28.5 71. 29.3 4163 30. o 
33.625.332 289 | 43.1 29-6 42.6 29-8 | 42.1] 30's 
44.5]38 9 | 44-1 29.4 | 43:9| 29.6 43.4 30.4 | 42.9] 31.2 
45. 329.4 44, 30.0 | 44.8] 302 | 44.2 31,0 | 43,7] 31-7 
42:41 32:0 | 45:7,39:6 | 45.6130.8 | 45.1; . | 44:5] 32:3 
47+0] 30.5 | 4646 31,L | 46.43 1.3 45+9] 321 | 45-31 32,9 
47-8] 31,0 | 47.4 317 | 45. 332. | 46.7| 32.7 | 461] 33-5 
48.6] 31.6 48.2 32,2 | 4832.4 47,5| 333 | 46*9] 34-1 
49'S; 32.1 48-0 32. 48.9 33.0 48. 3 33˙8 47.7 71 34.7 
0. 2. 2 332.2 B 2.34.4 48;; 35'3 
51-2[33-2 | $0.7 33:9 50. 6 34.1 | 50.0! 3449 | 49.2) 35-9 
$2-0]33*'8 | $1 5;3444| 51.43% | 568 35*6 | 5&'2 | 3644 
$2*8]34'3 | 52,4|35-0 | 52,2135-2 | 51'6\ 3691 | 51-91 37*0 
53.737533. 2 | 53-1] 35-8 | 52:4) 36.7 | 51-81 39.6 
$8.50 35:4 | $40[30T | $3:9 13643 | $3-31 3743 | 52'5| 38:2 
$5+3]35-9 | 54+9136-7 | 54.70 36-9 | 54.t| 37.9 | 53.41 38-8 
$6,3] 36.5 | $5+7 [37*2 | 55.5] 395 | 54.9] 32,4 $4.2 |39*4 
$y-0[37.0 | 55:5 |37'8 | 56-4[38,0 | 55-7] 39.0 55. 400 
$7.9] 37.6 | 57*4|38'3 | 539.2] 38.6 | 56.5| 39.6 535,81 40'6 
37-1 | $8.7] 38.4 | 5821389 | 5g.o| 39-1 2.2.1 56.6 41-1 
$9-6] 38.7 | 59+0139.4 | $8.91 3947 | 58-2] 40,7 | 57.31 41+7 
60.4] 39-2 | 39*8[49.9 | 59,9] 40-3 | 5910[ 41.3 | 58.2 | 4253 
61,21 39'8 | 60*7 140.6 | 60,5] 408 | $9*8[41.9 | 59.1 | 42% 
62,1] 40.361541. 161.341.460 · 642.4 59.9 13.5 
62.90.8441. 62,21 41-9 | 61'4| 43.0 6c. 044.1 
63.841. 53.242.263. 42.563.346 51. | 44,9 
64.6 41.9 64:0|42-8 | 63, $8]4;+0 | 63.1 44-2 6243] 4543 
6544 42*5 | 64*8|43+3 | 64,7] 43.6 | 63-9|44-7 | 63-11 45.8 
66.3] 43'0 | 65*7[43+9 | 65 5] 44,2 | 6457 45*3 | 63:9] 4644 
£72420 | 25 [84 | $6.31 44.7 | 65257 45.9 | 64:7] 47:0 
68,0] 44-I | 67.3145-0 | 67.1145.3 | 66.4;46,5 | 65,5| 47.6 
68.81] +4*7 | 68,2[45,5 { 68-0] 45.8 | 67,2| 47-0 | 65,3| 48-2 
69.645 269.046. 1 | 68-8] 46,4 | 68.0 47,6 | 67.1] 488 
70,5] 45-8 | 70.8|45,7 | 69.6147.9 | 68.8|48;2 | 68-0| 49.4 
71.3 [46:3 | 70:7147.2 20. 2.6.6 4.1 68.8 . o 
72.1 46.8 715 47.8 71.3 48.1 70. 5 49-3 69.6 50.5 
73-0] 0.3 72˙3[48·˙2 [72-1486 55.3 459 7e -. 4511 
73-81 47'9 23.2 ˙9 | 7291492 | 72-1; 50.6 | 712517 
74'7| 48's 24.0% | 93,81 4%8 | 92.9510 | 72%0|52*3 
25:5] 49:0 | 74.8152:9 | 74.51 59.3 | 73-7|51.6 22.8 52:9 
76-3] 49-6 | 75.7 |50.6 | 75-4 | 599 74.5 52.2 | 73-4| $35 
77-21 $O-T 76.551. 176-3514754 (52 & 74-4541 
78,0] 506 | 77.351 · | 77*1| 520 | 962 53.4 | 7521 $47 
78.9]$1'2 | 78,2] 5242 | 77:91] 526 77˙0 53.5 76˙0155˙2 
22:7 [51:7 En 2 54.5 | 76'9| 35-8 
90.552. 775.8 $3-3 | 79-6[537 783.6 $5.1 | 79.7] 56-4 
81.4 [$2.8 | $0-6|53.9 80. 434.2 | 79:5 55.6 71.3 50 
82.2|53-4 | L1*5|54. 4 | 81-2|54'8 | $053; 56-2 | 79.3 57:6 
$3-I|53-9 | 82'3|55,0 | 82.1|55;4 | 81.1 56,8 | 80,1] 58.2 
33˙9 2.5 83.1 55,6 | 82,9 $5.9 $1.9 $7.5 | 80,9] 58-8 
1 8 Lat. DP: Lat. Dep. Lat. Dep. Lat. Dep. Lat. Dep. Lat. 
* 1 — 1 QDes. [TPoints. ] 56 Deg. |55 Deg. 54 Deg. 


30 . Deg. "4 


2 


$1 
52 


pans v 


g. 154 Deg. I= 


A Table of Difference 


S) 3:Point.| 37Deg. 138 Deg: | 39 Deg. [32 Pomtq DON 
Lat. Dep. | Lat. Dep.] Lat. Dep. Lat. Pep. Lat. Deg. Lat. Pep. =| 
"1 oo. 8 00.5 | 00.8|05.6 | £0.8 00.6 | 00.3 [00.6 00,8100,6 | 00.8] 00,6 1 
201.601. 2 | oi-6{ol-3 01-6 01.2 Ol'S 01. 3 01. 5401. 01.5 Oleg 2 
3] 92+4| 01-8 | 02'4|01.8 | 02:4 |01-8 | 02.3 [01,9 02. 301.9 | 02 3| 019 ; 
4] 25+2| 924 | 03*2[02 4] 03*1|02*5 | 03-2025 | 03:1 92.5 | 03,1] 02's 4 
5| =2/ 2:2 | 24.0103 0] 04.9/03:7 | 03:9[03-1 | 03:9[03.2 | 03:8]03.2| | BY [ 
604.8 03.6 | 04.8|03.9 | 04.7|03.7 04:6|03.9| 04.6[03-8 | 04.6| 03.9 * 3 
7 | 25-61 04*2 | 05-6 [04-2 | O5+5/04.3 | 05,4] 04.4 05,41 24-4 | 25-4] 04'5| ,| | 
8] 96.4| 0448 | 06-4 |04*8 os · 304 | 06.2 | 05-0 06,2105.! 6. 105˙ 1 4 
„. 954 | 07.2 [05'4 | 07*L [05.5 | 07-0|05*7 oog. | 06.91 0;*3 , 2 
10 08.0106.0. | 08,006 | 07.9 06.2 | 09.8106.3 | oy. os. 3 | 07,7 86.410 #| 
11] 08.8[06.6 | 03,8|06.6 07.7 66. 68.5 06.9 o8.5197.0 | 08.4|07,t [7] | 
121 09-6 | 07-1 09+6 | 07+2, | 09:4 [OFÞ4 99.307. 5 09.3%. | 09-2 07.7 I2 6 £3 
13] 10 4| 07'%7 10· 407 · 8 10.2 o8'o | Io,1}O08'2z [to- olos. 2 - FR 
14 | '1,2108'3 [2 [08's | 11,0{08's | 10,9] o8'g | roy | 08:9 = 
T5] 12.0 68,9 12.0 [oo 11.8 99,2 | 11,6|09'4 | 11% 25 4 
16 12.805. ; 12.8 [09.6 I2. 6[oS.s 11.410. 1 12:4 10.1 75 
17 13.1.1 13.61 13.410, 13.110. 23-1 [10.8 | 5 
38] 14-51 10*7 | 14 4[to'g 14.2 [11.1 t3*9|I-3 | 13.9111 4 | 
19] [5*3] 113 [1.2 | 15,0[11,7 14.8 2.0 | 14.7 [12:0 G 
20] 161]. 216.012 o — 2.24.8. | 35.5 [12.7 1 
2116.912516. 12.616. 512.9 | 16:31 13,2 16, 2113.3 | 
22] 17 713.1 17.63.21. 313 · 5 1113.8 | 19,0] 1440 = 
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Third after Leap-Year. 
Sun's Declination, 1755, 1759, 1763, 1767, 1751. 
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A Deſcription of the TABLES of the 
Sun's Declination. I 


HES E Tables are in General for four Years: Leap- Yea, | 8 
Firſt, Second, and Third Year after Leap-Year ; and con. 
ſequently for any Year. 

Each Year (taking up two Pages) hath the fiiſt ſix Months of th þ 7 
Year on the Left-hand Page, and the laſt fix Months are on the 
Right-hand Page; the Names of the Months are at the Head a 
each Column, and the Days of each Month in the Left-hand Co. 
lumn of each Page. | = 

The firſt Table ſheweth the Sun's Declination every Day for ti 
fi.ſt Years after Leap- Year, being 1752, 1757, 1761, 17065, 176 
Oc. and takes up Pages (426) and (427). The ſecond Table 
for 1754, 1758, 1762, 1766, 1770, &c. being Second Years afte 
Leap- Year, in Pages (428) and (220) The next Table in Pax 
(430) and (431) is for the Third Years after Leap- Year : Tit 
Fourth Table in Pages (4:2) and (433) ſheweth the Sun's De! 
4 rang for Leap-Years, being 1756, 1760, 1764, 170 
1772, Cc. i 
Onder the Name of the Month, is the Name of the Declin 
tion, either North or South: Only the Column for March a | 
September, hath two Names; that is, under March is South, ui 
againſt the 21ſt or 20th Day (according as it it Leap Lear, u 
iſt, 2d, 3d Year after) is Vor. for North; and under September = 
is North, and againſt the 23d or 24th Day is Sou. for South; . E 
timating the Declination is South in March, till the 21ſt or 20, 
Day, and all the remaining Part of the Month it's Nor. or North: 
In like manner in September, it's North 'till the 22d or 24th Day, 
and from thence to the Month's End it's Sov. or South. 
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2 A Table of Logarithms. 
N. Logar. | N. Log ar N. Logar. | IN. Lag ar. 
o. ooooο 46 1.00279] 9111.959040] 13612.13354 
208.3010 [[ 47]1-67210])] y211.96379]} 37] 2.13672 
2]0.47712]| 48[1-68124]] 921.968 48 382.1 3989 
400. 60 206 491. 690 9411.973130] 392.14301 
5.69897] 501.69897 ][ g5[1-977721]] 402.1473 
610. 77815 5111-70757 96|1.98227 4I| 2.14922 
749.845T0]| 521.7160 g7[1.98677 42]2-15229 
810.90309|| $3|[1-72425]] 981.99123][ 43[2.15534 
919-95424|| 54173239] 9911-99564j] 44ʃ2.15836 
10| 1.00000 5511.74035|| T100|2.00000 45|2-16127 
111.4139 5641-74819) 101 2.0432] 462.1643; 
1211.079180] 571.7558 02 2. 080“ 472.1632 
13 1.11394 5 11.753 27 O3 2.01284 48 2.17026 
1 59177085 [ 04 2.17034 492.173 19 
151. 17609 60 1.77815] 05 2.02119] 502.1709 
1611.204124] 611.78533] 0652.025310 5x[2.17898 
171. 23045 62 1.79239] 07[2-02938 5212.18184 
1811.25527 6311.799244 08 [2.03342 5312.18 469 
19 1.27875 641.806 18 Og [2.03743 $4| 2.18752 
20] 1.30102 65]1.81291 Io|2.04139 5512-1903} 
2i]1.32222|| 66]1-81954|] 112045321] 5612.19312 
22]1.34242|| 67]1-92607 122.04922J] 54] 2.19590 
2] 1.361721} 68]1-83251]] 132.05 308 [ 581 2.19866 
2M 1.38021]| 69183885 14 2.05090 592.201 40 
251. 3979 4]][ 701. 84510] 1512.060711] 6012.204312 
26] 1.41497 71]1-95126 16] 2-00446]| 6x|2.20683 
27 1.43136 72 1.85733 I7 2.06819 62 2.20952 
28 1.44716]J] 73. 1.80332 18, 287 6342-21219 
2911.46240]] 7411-86923] 19] 2:07555]| 6412-2148: 
230|1.47712]| 751.87506 | 20] 2.07918 65 2.21748 
31 | 1.49130 76 | 1.88081 211 2.08279] 66|2.22011 
321. 50515 771.886 49 221 2.08636 6712.22272 
331.1851 781. 89209 2312. 08991 6812.22531 
34] 1-53148]] 79189762] 242.9342] 692.22789 
351. 54407] 801. 90309] 25 2.096910 702. 23045 
36.1.5630. 8141-99849... 26. 2.100372, 7142.23 300 
37 1.56820 8211.913381 2712. 10380 7212.235553 
38 1.57978 83 1.91908 281 2.10721 732. 23805 
390 1.59106] 84[1-92428]] 29 2.11059] 74[2.24055 
40 1. 60206] 85 1.92942 3012.113944] 75 2.24304 
41 1.61278 8611-93450 3112.11727 7612-24551 
42|1.02325]| 8711-93952 32|2-12057 7712-24797 
4311-63347]| 88[1-94448]] 33[2-12385 78 [2.25042 
44 1.64345] 89[1-94939j| 3412-12710 79 | 225285 
4511.565321 901.9542435 2.13033 801 2.25527 
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N. | Logar. || N. | Logar. || N. | Logar. || N. | Logar. 
3612.557510 406 2.60853 451]2-65418]| 4962.695448 
621 2.55871 072.609 59 5212.65514 97| 2.09636 
6312.5 599 1[[ o8[2.61066]| 53]2.65610]} 98|2.59723 
642.56 110] og|2.61172]| 542.65 706] 992.598 10 
65 2.56229 101 2.61278 55 2.65801] 500 2.69897 
662.5634811 2.61384 ] 562.6 58960] 501 2.69984 
672.5646712 2.61490] 572.6599 2] 022. 70070 
6812.56 58 5 13] 2-01595 5812.66087 031 2.70157 
69 2.56703 142.617 59 2.66181] 942.70243 
70 2. 56820 1512.61805 60 2.66276] 5 2.70329 
71 2.56937] 162.6 1909[ 61]2.66370]] 062. 70415 
7212.570540] 17 2.62014 622.66464]] 07 2.70501 
73 12.571 71 181 2.92118 632.665 58 o8 2.70 586 
74 2.57287 [ 19 2.62221][ 642.666 524] 09 2.70672 
7512-57403 20| 2.62325|| 651]2.66745 10 2.70757 
7612457519 21] 2.02428|| 662.668 39 II | 2.70842 
771 2.57634 22| 2.02531 671]2.66932 122.7092) 
78] 2.57749 23| 2-062734]] 68]2.67025 I3|2.71012 
791] 2-57864 24| 2-02737|| 691]2.67117 I4| 2.71096 
802.5 7978 252.628 39 701 2.67210 15 2.71181 
8112.58093 261 2.62941 7112.67302 1612.712065 
822. 58206] 27] 2.63043 7212.67394]][ 17 2.71349 
83 2.58320][ 28 2.63144]] 73 2.67486 181 2.71433 
841 2.58433 29 2.63246] 742.675 78 192.7151) 
852.58 546 30 2.63347] 75 2.67669] 20 2.71600 
862.586 59] 31] 2.63448 7612.67761[ - 21|2.71684 
8712-58771 32]2.03548 772.678 52 2212471767 
88 | 2.58883 331|2-03649]] 7812.67943 23|2.71850 
89 |2-58995 || 34263749] 791]2-68034]] 24271933 
90| 2.59106 35| 2.603849 802.68 1244] 25 2.72016 
9112.592180] 36 2.63949 812.6821 5 26 | 2.72099 
92]2.59329]| 37|2-04048]} B821[2.68305 27 | 2.72181 
93|2-59439 88] 2.04147 83[2.68395 28 [2.72263 
94|2-59550|| 39 2.64246] 842.68 485 292.7234 
952.5956600 40 2.64345 852.68 574 300 2.72428 
962.59 770 4112-04444 86] 2.68664 31 2.72509 
97] 2-59879]| 421 2.64542] 8712-08753 3212-72591 
981 2-59988 || 43 2.64540] 882.688 442 ][ 33|2-72073 
99 2.60097] 4412.04738 89 2.68931 34272754 
400 2.60206] 452.648 36] 902.6 2 352.72835 
40112.60314 46 2.64933 912.69 108 36 2.72916 
©2|2-60423]] 47|2.65031]}} g2[2.69197]] 3712-72997 
03 |2.60531]} 482.65128 [ 92312.69285]| 38 2-73075 
O42. 0638] 49 16747 9412-09373 39] 2-73159 
05 2.60746 | $ol2.65321])l 9512.694610! 401 2.73239 
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| A Table of Logarithms. 7 
Logar. | N. | Logar. | N. | Lopar® N. Lagar. | 


5412.733200 58612.76790|| 62112.80003}] 676]2.32995 
42|2.73400!] 8712.76864|| 3212.80072]] 77[2.83059 
43 2.73480] 88[2.75938 3312.80140]] 78 2.83123 


* 
=] 


442.73 560] B89[2.77012|| 34[2.80209]] 79[2.83187 0 
45 2.73640] 902.7708 [ 351[2.80277]| 80 2.83251 ot. 
46 | 2.73719 9TI|2.77159 36 [2.80346 8112.83315 . 
4712.73 799 92|2.77232 3712.80414 8212.83378 38 
| 4812.73878]] 931[2.77305]|| 38[2.80482]] 832.83442 4A 
 4912-73957j| 9412-77379]| 39]2.80550|| + 84[2.83506 N 
50 2.74036] 9502.774520 4012.806188 852.83 569 3 
| 5112.74115)] g6[2.77525|| 41[2.80686]] 86]2.83632 4} 


522.7494 9712-77597|| 4202.805540] 85]2.83696 1 
53 2.74273 982.7767043 2.80821] 88 2.83759 4 


5402.743510 99277743] 4412.808891] 89 2.83822 1 

55[2-74429 692.2781545 a. 80 f 90.8388 1 

56a. 7450 60112-77887 || 4612.81023]] 9112-83948] bl 
57 2-74586 | 02|2.77960 472.8 1090 922.8401 1 0 
58 [2.74663 }| 03 2.78032 4812.811580 932.84073 k/ 
59[2-74741 j| 0412-78104]| 49|2.81224]| 94]2.84136 4 
602.748 19 [ 05[2-78176 50 2.81291 95 |2-84198 


6112.74896 |] o612.78247]| 5102.813588] 96 2.84261] 
6212.74974 2.81425 9712-84323 
63|2.75051 08|2.78 390 5312-81491 98 [2.84386 
642.75 128 0912.78 402 542.81558 99 2.84448 
6512.75 205 1012.78533 55 2.81624] 700 2.84510 


66 2.75282 1112.786044] 562.8 1690] 701 [2.84572 
672.75 358 1212.78675 5712.81757 02 2.84634 
6312.75435]] 132.78 746 58 2.81823 03 2.84696 
69 [2.75511 14]2.78817j| 592.81889 [ 04[2-84757 
702.75 587[[ 15[2.78888]] 60[2.81954}] og 2.84819 


71 |2.75664j| 16 2.78958 6112.8 2020 06 2.8 4880 

72 2.75740 1712. 79029 6212.82086 07 2.84942 

73 2.75815 182. 79099] 632.82151[ 082.8 5003 

742.7589 1J[[ 192.79 169] 64 2.82217] 09285065 

75 2.75967 20 2.79239 2.82282 10|2.85125 
— 


76 [2.76042 || 212.79 309 66 2.82347] 11285187 
772.76118[ 222.7937967 2.82413] 122.8 5248 
78 2.76193 23 2.79449 6812.82.478 I3 2.85309 
79 [2.76268 || 242.705 18 69)2.82543]| 14|2-85370 
80 2.76343 25 [2.79 588][ 70ʃ 2.82607 152.8 5431 


— — __  , Ju. — 


81 12.764181] 26 2.79657 7112.826772 1612-85491 
82 2.76492] 2742-79727j| 7212-82737] 1712-85552 
| 8312.76567]| 28 [2.79796 212.82802}] 18]2.85612 
| 8412.76641 29 [2.79855 74|2.82866 || 19[2-85673 
85 2.76716 30 2.70934 75 2.82920 
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A Table of Eogarithms, 


"Nv. | Tagar. f| N: | Toger. (| N: | Logar. | N. | Togar: | 9 
7212.857904 7662.884423 "811 2.90902 || 85612.932474 ³ 
22|2.85854i] 672.88 480 122. 90956 5712.93 298 | 

[44 2.35914 68 2.88526 1312. 91009 . 58 2.93249] 
2412-85974! 6912.885930] 14 2.91062 | 5912.93399 

[26 2.86034] 702.886 49 152.9111716 6012.924750 

5 2.96094 7142.988705 1612.91169! 612.9330. 

2712.86153 212.88 762 17 2.91222 6212.933551 
282.8623 [73 2.88818 182.9 1275(“[ 6312.93601 
2912.386273] 74 2.88874 1912.913298 642.93651 
301 2.86332 75 2.88930 2012.91381 65 2.93702 

3112.862920] 75]2.88986}| 212.91434]] 66[2.937;2 
3212.864510[ 77 2.89042 2212.91487 67|2.93802 
3312.865100 78]2.38g0g8;] 2312.91540|] 682.93852 
34]2.86570j| 792.89154]] 24{2.91593]] 69[2.93902 
35 | 2.86 5029! &012.89209 251 2.91645 7012.923952 

361 2.86688] 8172.89255[[ 262.9165698 [ 71]2.94002 
3712.867247] 822.8932! 2742491751 72|2-94952 
38] 2.85806] 8342.893765 281 2.9180} 73 2.94101 
392.8864 842.89432 292.9185 5 74 2.94151 

40 2.89% 2 ][ 852.8948 7]][ 30 2.919081] 75[2.94201 

| 4142. 2982 8612.89542]}] 31]2.91950j 76|2.94250 
:212.687040]] 87]2.89597 324 2.92012 77|2-94300 
4: . Soo B88]2.89552]] 332.920651[ 7812-94349 
4+ 12.87137j] $9]2.89708 342.92117 79 2.94399 
2 9012.897653 35 2.92109 80 2.94448 
42.8774] 9112-89818 3612.922210] 81 2.94498 
4712 8737210 922.89873 3712.92273]][ 822.945 47 
48; 2.87390 9212.29927]| 38 2.92324] 832.9456 
49 2.87448] 942.8998 3912.923760] 8412.94645 
50 2.87506 Q5 | 2.90027 40 | 2.92428 85 2.94094 

51 2.87564]] 962.99 41 2.92480] 862.94743 
5212.876622 97 | 2.901 46 2]2.92531 $712.94792 
53 2.87680 98 | 2.90200 4312.92582 8812.948441 
5412.8 7737 9912.902550 44[2-92924 8g | 2.94890 
55 2.87795 800[ 2.90309 45 1 2.92686 90 | 2-94939 
5612.87832]} 801]2.90363]] 460[2.92737 91 2.94988 
5712-87910] o2[2.90417 47|2.92788]} 922.95036 
582.8 7967] 02]2.90472]| 48[|2.92840]] 93[2.95085 BD 
59{2.868024|| 04|2.90526|| 49[2.92891 9412-95134] \Þ N 

+ 60| 2.88081 O51] 2.90580 50[2.92942 952.9518 
6112.881381 0662.906344] 51[2.92993]] 96ſ2.95231 
6212.881961] 07 54 5212.930444] 972. 95279 
631 2.882521} 08[2.90741 5312-93095 98 [2.95320 
64|2-88309]] og9{2-90795|| 542.93 146 9912-9537 
6512.88 366 fl 10 2.90840 5512-93197 | 900 2.95424 
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| N. | Logar- || N. | Logar. l N. | Lrgar. | N. Logar. | 
9012.95472 94912-97589 || 991 2.99607 1036 3.01536 
02 2.95521 4712.970635] 9922.995510 1037 3.01578 

032.95 569 [ 482.9768 1 993] 2.99995 1038 3.01620 
04]2.95617]}} 492.97727 994 2.99739 | 1039 | 3.01662 
05|2-95665 8 2.97772] 9052.99 78210403. 1 7 
06 2.95713] 512.978 18] 9952.998260 1041 3.01745 
0712.957610 522.97864 ] 9972.998700 1042 3.01787 
08 2.95809 532.9790 998 2.99913 1043 3.01828 
09 2.958 56 542. 97955 999 12-99957{|1044| 3-01870 
1012. 95904 552. 98000 1000] 3.00000 1045 3.01912 
1112-95952 56[ 2.98046 || 1001 | 3-00043|[|1046| 3.01953 
12] 2-95999 57] 2.98091 || 1002 | 2.00087||[1047] 3.01995 
13] 2.99047 5512.98137 |[|1003| 3-00130[|1048| 2.02036] 
14] 2.95095 5912.983182 || 1004] 3-00173 1] 1049 3.02078 | 
151 2.-96142|| 602.98227 [1005 3-00217|{1050| 3.02119] 
x6 2.99190 6112.98272 || 1006 3. 0260 [1051 3.02150 
1712.962371] 52 2.93318 10073. o 30310521 3.02202 
18] 2.96284] 632.98 3631008 3.003 46[1053 3.02243 
19 2.96332 [ 642.98 408 1009 3.00389 1054302284 
202.953 79 652.9845 210103. 004321055 3.02325 
2102.964260] 662.98 498 [10113-00475 [1056 3.02366 
22 2.96473 ][ 672.98543 [10121 3.005 181057 3.02408 
2302.965200] 682.98 588 [1013 3-·00561[1058 3.02449 
242.96 567] 692.9863204 2. 000410593. 02 490 
25 2.966144] 702.9867) [1015 3. 00647[1060 3.02531 
261 2.99661 7112.98722 [1016 3. 00589 [10513.02572 
272.96 708] 722.9876707 3.00732 1052 3.02613 
2812.957585 73] 2.988111[|1018| 3. 0077410633. 02653 
29] 2.96806]| 742.988 561019 3.00817 [1064 3.02694 
302.958 48 75 2.98900 1020 3. 08601065 3.02735 
31 2.96895] 75ſ/2.98945 10213. 09031056 3.02776 
32 2.96942] 7712-98989 ||1022| 3-00945|| 1067] 3.02816 
| 33[2-95988]] 78 2.99034 || 1023] 3-20988|| 1068] 3.02857 
| 342.97035 79 2.99078 1102 4| 3-0103O 1059 3.02898 
352.9708 1 801 2.99123 ||1025|3-01072|| 1070] 3.02938 | 
36] 2.97128 81]2.99167||1025|3-OII15i| 10711 3-02979 
37] 2-97174 82]2.99211||1027|3-OI137|| 1072 3.03019 
38 2.97220 | 83 2.99255 1028 3011991073 3.03060 
39 2.97267] 84 2.99300 [1029 30124210743. 03100 
4012.973173 | 8512.99344||1030| 3-01284||[1075|3-03141 
412.973 59 8612.99388 [|1031| 3-01326|}1076| 3.03181 
4212.974051 87]2.99432 1032 3.01368 [1077 3.03222 
4312.974510 88299476 1033 3.01410 1078 3.03262 
44977 892.9952034 1452 1035 3.03302 
45 2.97543 90 2.99564 1035 3.01494 [1080 3.0332 


11213 


1091 
1093 


[1097 


11104 
1105 


11106 


11109 


ud. 
—_— 
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1081 
1982 
1083 
108 4 
108 5 


1086 
1087 
1088 
1089 


1090 


1092 


1094 
1095 


1096 


1098 


1099 
1100 


1101 
11102 
1103 


1107 
1108 


1110 


— — 


1111 
1112 


1114 
1115 


1116 
1117 
1118 
1119 
1120 


1121 


1125 


1122 
1123 
1124 


3-03293 
3-03423 
3.03453 
3.03 503 
2.02543 


3.03583 
3.03623 
3. 03663, 
3-03703} 
2.02743 


3.03782 
3.03822 


3.03862 
3.03902 
3.03941 | 


3.03981 


3.04021 
3.04000 
3.04100 


3.041 39 


3.04179 
3.04218 
3.04258 
3-04297 
3.04336 


N. | Tegar. | 


— 


3-04370 
3-04415 
3.04454 
3.04493 
3-045 32 


304571 
3.046 10 
3.04650 


3-04727 


3.04766 
3-04805 
3.048 44 
2.04383 


3.04922 


. q 


3.04961 
3.04999 
3.05038 


3.05077 
3.05115 | 


3.04689 


N. 


{1126 


1127 
1128 
1129 


1130 


1131 
1132 
1133 


1134 
1135 


1136 


1137 


1138 


1139 
1140 


1141 
1142 
1143 
1144 
1145 


1146 
1147 
1148 


1149 
1150 


1151 
1152 


Logar. 


35154 
3.05192 
3.05231 
3.05269 
3.05 308 


3.05346 
3.0538 5 


3.05423 


3.05451 
3.05 500 


3.05538 
2.05576 
3.05614 
3.05052 
3.05690 


3-05 729 
3-05 767 
3.05805 
3.05843 


205881 


3-05918 
3.05956 
3-05994 
3.05032 
3.06070 


3.06108 
3-00145 
3.05183 
3.06221 
3.06258 


3.06296 
3.5333 
3.00371 
3.00 408 
3-05 446 


3.06483 


3.06521 
3.06558 


3.06595 
3.06633 


3.066 70 


3.06707 
3.06744 


3.06781 
3.068 19 


1179 
1180 


1151 
1182 
1183 
1184 
1185 
1186 
1187 
1188 
1189 
1190 


1191 
1192 
1193 
1194 
1195 


1197 
11983 
1199 
1200 


1201 
1202 
1203 
1204 


1205 


1206 
1207 
1208 
1209 
1210 


1211 
1212 
1213 
1214 


1215 


1196 


Logar. 


| 3.05856 


3.06893 
3.05930 
3.06967 
2.07004 


3.07041 
3.07078 
3.07115 
3.07151 
3.07188 


3.07225 
3.07262 
3.07298 
3.07335 
3.07372 


3.07445 
3.07482 
3.07518 
3.07555 


3.07591 
3.07628 
3.07664 
3.07700 
3.07737 


3.07773 
3.07809 

3-078 46 
3.07882 
3.07918 


3.07954 
3.07990 
3.08027 
3.0806 3 


3. 8099 


3.08135 
3.08171 
3.08207 
3.08243 
3.08 279 


3.8374 
3.08350 


3.08386 
3.08 422 


3.08458 


3.07408 | 


1216 
1217 
1218 
1219 
1220 


1221 
1222 
1223 
1224 
1225 


1226 
1227 
1228 
1229 
1220 


1232 
1233 
1234 
1235 
1236 
1237 
1238 


1239 
1240 


1241 
1242 
1243 
1244 
1245 
1246 
1247 
1248 
1249 
1250 


— 


1251 
1252 
1253 
1254 
1255 


1256 
1257 
1258 


1259 
| 1260 


— 


1237 


N. | Logar. 


3.08 403 
3 .08 529 
3.08 565 
3.08600 
3.08636 


3.08 707 
3.08743 
3.08 778 
3.08814 


3.088 49 
3.08884 
3.08920 
3.08955 
3.08991 


3.09026 
3.09061 
3.09096 
3.09132 
3.09167 


3-09 202 
3-09237 
3-09272 
3.09307 
3-093 42 


309377 
3.09412 
3.09447 
3.09482 
3.09517) 


3.09552 
3.09 587 
3.09021 
3-096 50 
3.09691 


— ——— — 


3.09 720 


3-09795 
3-098 30 
3.09864 


3.09899 
3-09934 


3.09908 
3-10003 


3-086 72 


3.10037 


3-09 760] 


——— 
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9 


— — 
1201 
1262 
1262 
1264 
1265 


1256 
1267 
11268 
1269 
1270 


1271 
1272 
1273 
1274 
1275 


1276 
1277 
1278 
1279 
1280 


1281 
1282 
1283 
1284 
1285 
1286 
1287 
1288 
1289 
1290 


1291 
1292 
1293 


4 

Le 

N 

oy 
<A 
FM. 
_ 

3 
Ve - 
et 

* 
ef 
4 
5 


N. | Logar. | 


3-100 72 
3.10106 
3.10140 
3.10175 
2.10209 
3-10243 
3.102 78 
3-10312 
3-10346 
2.10380 


3.10415 
310449 
3.10483 
310517 
3.10551 


3.10585 


3.10619 
3.10653 
3.10687 
3.10721 


— — 


310755 
3.10789 
3.10823 
3.10857 
3.10890 


3-10924 
3. 10958 
3.10992 
3.11025 


3.11059 


2.11093 
3.11126 
3.11160 


3.11193 


3.11227 
— 


3.11261 
3.11294 
3.11327 
3.11361 
311394 


— 


3.11428 
3.11461 


311494 


3. 2.71362 


4 


ja 


N. 


1306 
1307 
1308 
1309 
1310 


— — 


1311 
1312 
1313 
1314 
1315 


1316 
1317 
1318 
1319 
1320 


1321 
13 22 
1323 
1324 
1325 


— SY 


1326 
1327 
1328 
1329 
1330 


1331 
1332 
1333 
1334 
1335 


1336, 
1337 
1338 
1339 
1340 


Logar. 


311594 
3.11628 


3.11661 
3.11694 


3.11727 


— — — 


3.11760 
3.11793 
3.11826 
3.11860 


3.11893 


3.11926 
3-I1959 
3.11992 
3.12024 
3.12057 


3.12123 
3.12156 
3.12189 
3.12222 


— — 


3.12254 
3.12287 
312320 
3-12353 
3.12385 
3.12418 
3.12450 
3.12483 
3.12516 
312548 


3.12581 
3.12613 
3.12646 
3.12678 
3.12710 


3.12743 


312775 
3.12808 


3.12840 
3.12872 


3.12905 


312937 
3.12969 


3.13001 


13503-13033 


3-12090 


Publ 


N. 


1351 
1352 
1353 
1354 
1355 


— 


1356 


135713 


1358 
1359 
1360 
I361 
I 362 
1363 
1364 
1365 


1366 
1367 
1368 
1369 
1370 


1371 
1372 
1373 
1374 
1375 
1376 
1377 
1378 


13 79 
1380 


1381 
1382 
1383 
1384 
1385 


1386 
1387 
1388 
1389 
1390 


1391 
1392 
1393 
1394 


3.130066 


139513 


Logar. N. 


3.13098 
3-13130; 
3.13162 
3.13194 


3.13226 
13258 
3.13 290 
3.13322 
313354 


313386 
3.13418 
313450 
3.13481 
3˙13513 


—ů—̃ 4. — 


313545 
313577 
3-1 360g 
3-136 40 
3.13672 


3-13704 
3-I3735 
3-13757 
3-13799 
3.13830 
3-I 3862 
3-13893 
3-I3925 
3.13956 
3.13988 


3.14019 
3.14051 
3.14082 
3.14114 
314145 


3.14176 
3.14208 
314239 
3.14270 
3.14301 


3-14333] 
3-14364 


3-14395 
3-14426 
3-14457 


177 5 


1296. 


139713. 14520 


F— ooo. 
3.14489 


1398 3.14551 


129903. 14582 


1400{3. I4513 


1401 
1402 
1403 
1404 
1405 


1407 
1408 
1409 
1410 


1411 
1412 
1413 
1414 
1415 
1416 
1417 
1418 
1419 
1420 
1421 
1422 
1423 
1424 
1425 
1426 
1427 
1428 
1429 
1430 


1431 
1432 
1433 
1434 
1435 


1436 
1437 
1438 
1439 


1440 


3.14644 
3.14575 
3.14795 


3.14758 


1405 3. 14799 


3.14829 
3.14860 
3.14391 
3.14922 


— 1—— 


314953 


3.14983 


3.15014 
315045 
3.15076 


Es ee 


3 15168 
3.15198 
3.15229 


3.15259 
3.15290 
3.15320 


315351 


3.15381 


3.15412 
3.15442 
315473 
315503 
315534 


3.15564 
315594 
3.15625 
3.15655 
3.15685 


3.15715 
3.15746 


3.15 776 
3.15806 


N Lopar. | | 


3.15 7100 
3.15137 


\ 


3; 158361. 
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| Logar.. 


3.15866 
3-15897 
314927 
315957 
315987 
3.16017 
3-16047 


48 3.16077 


3.16107 
3.19137 


x | 316167 


3.16197 
3.16227 
3.16256 
3.16286 


3.16316 


3.16346 


3.16375 
3.16406 


3.16435 
3-16465 
3-10495 
3.16524 


. 


3.16613 


3.16673 


3.16702 
3.16732 
3.16751 


213.16791 
3.16820 


3.16850 
3.10879 


53. 16909 
316938 


316967 


3.16997 
3.17026 


3.17056 
3.17085 
3.17114 


3.17143 


316554 
3.16584 


3.16643 


1487 
1488 
1489 
1490 
1491 
1492 
1493 


1495 


1496 
1497 
1498 
1499 
f 500 


1501 
1502 
1503 
1504 
1505 
1506 

1507 
1508 
1509 
1510 


1511 
1512 


11513 


1514 


— 


1516 
1517 
1518 
1519 
1520 


1521 
1522 
1523 
1524] 
1525 


— — 


1526 


7173 | 


I 494 


1515 


152713 
1528 
1529 
E539 


3 EE IRS 


Lagar. 
1486 


3.17202 
3.17231 
3.17260 
3.17289 
3.17319 


3.17348 
3.17377 
3.17406 
3.17435 
3.17464 


3˙17493 
3.17522 
3.17551 
3.17580 
3.17509 


3.17038 
3.17667 
3. 17696 
3.17725 
3.47754 


| 3.17783 
3.17811 


3.17840 
3. 17869 
3.17898 


Yo à—ü— 


3.17926 


3.17955 
3.17984 
3.18013 
2.18041 


3.18070 
3. 18099 
3.18127 
3.18156 
3.18184 


3.18213 
3.18241 
3.18270 


3.18327 


3078355 
3.18384 
3.18412 
3.18441 


3.18299 


2 


—— — A... 


1338469 


N. | 


1531 
1532 
1533 


1534 


1535 


1536 
1537 
1538 


15393 


15 40 


1541 
1542 
1543 
1544 
1545 


1546|3 
1547 
I 548 
I 549 
I550 


1551 
1352 
1553 
1354 
1555 


— — 


1556 
1557 
1558 
1559 
1560 


1561 
1562 
1563 
1564 
1565 


1566 
1567 
1568 
1569 
1570 


3.18498 
3.18526 
3.18554 
3.18583 
3.18611 


3.18939 
3.18667 
3.18696 
18724 
3.18752 
3.18780 
3.18808 
3.18837 
3.18865 
3.18893 


18921 
318949 
3-18977 
3.19005 
3. 19033 
3.19061 
3.19089 
3.19117 
3˙19145 
3.19173 
3.19201 


3.19229 


3.19257 
3.19285 
319312 
3.19340 
319368 
3.19396 
3-19424 
3-19451 


3.19479 
3.19507 
3.19535 
3.19562 


3.19599 


Lag ar. 


—— 


3.20385 


3. 20400 


— 
3.19756 
319783 
3.19811. 
3.198 38 
3.19866 
3.19893 
3.19921 
3.19948 
3.19970 
3.20003 


3. 20030 
3.200 58 
3.20085 
3.20112 
3.20140 


— — l — 


3.20167 


320194 
3.20222 
3.20249 
3.20270 


3.20303 


3.20330 
3.20358 


3.20412 
3.20439 


320493 
3. 205 20 
8.205 48 


320575 
3.20002! 
3.20629 
3-209 50 
d | 3.20083 
3.20710 
3.20737 
3. 20703 
3. 20790 
3.20817 


— 


3.208 71 
3.20898 
a 20925 


Logar. 


3.208444 


— — — — 
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3.22115 
3.22141 


3.20978 
3.21005 
3.21032 
3.21059 
3.21085 


3.21112 
3.21139 
3.21165 
3.21192 
3.21219 


3˙21245 
3.21272 
3.21299 
3.21325 
3.21352 


3.21378 
3.21405 
3.21431 

3.21458 
3.21484 


51511 


321537 
3˙21564 
3˙21590 
3.21617 


3.21643 
3.21609 
3.21696 
321722 
3.21748 


321775 
3.21801 
3.21827 
3.21854 
3.21880 


3.21906 
3.21932 
3.21958 


|3-21985 


3.22011 


|3-22037 
3.22063 


3.22089 


2 


N. 


1666 
1667 
1668 
1669 
1670 


1671 
1672 
1673 
1674 
1675 


3.22168 
3.22194 
3.22220 
3.22246 
3.22272 


— — 


3.22298 
322324 
3.22350 
3.22376 
2+2240] 


16763 


1077 


322427 
3.22453 


1678 3 22479 


11679 
1680 


1681 
1682 
16833 
1684 
1585 


1685 
1687 
1088 


3 22505 
3.22531 


3.22557 
3.22583 
3.22608 


3. 22034 
3.22660 


3.22686 


322712 
3.22737 


3.22763 
3 3.22789 


3.22814 
3.228 40 
2. 22866 
322891 

3.22917 


3-22943 


3.22968 


322994 
3˙23019 
323045 
3.23070 
3.23096 
3.23121 
323147 
3.23172 


3.23198 
3.23223 
323249 
323274 


3.23300 


Logar. | 


þ 


| 


hand 


92 


N. 


1711 
1712 
1713 
1714 
1715 


— 


1716 
1717 
1728 
1719 
1720 


— 


1721 
1722 
1723 
1724 
1725 


— — — 


1726 
1727 
1728 
1729 
1730 


I 731 
1732 


1734 


1735 


1736 
1737 
1738 


1173913 


1740 


I 741 
I 742 
1743 
1744 
1745 


1746 
1747 
1748 
1749 
1750 


— — 


1751 


— — — ae. — 


1753 


1754 


1755 


1733 


1752 


| Logar. 


3.23325 
3-23350 
3.23376 
3.23401 
3.23426 


3.23452 
3.23477 
3.23502 


3.23553 


3423578 
2.23603 
3.23629 
3: 23654 
323079 


3˙23754 
3•.23 729 
323754 
3.23780 


3.23830 
3.23855 
3.23880 
3.23905 
3.23920 


323955 
3.23980 
324005 
24030 
2.24033 
3.24080 
3.24105 
3.24130 
324155 
3+24180 


3-24204 
3-24229 
3-24254 
3-24279 
3-24304 


3-24329 
3-24353 
3-24378 
3-24403 


| 


3.23528 


3.23805 


34428 "1 


3.24576 


3˙24822 


3.24871 


3.25237 
3.25201 


Logar. 


3-24452 
3-24477 
3.24502 
3.24527 
3.24551 


— — 


3.24601 
3.24625 
3.24650 
3-24674 


3-24699 


3-24748 
3-24773 
324797 


3.24846 


3-243g5 
3-24920 


— — 


3-24944 
3-24969 
3.24993 

| 3- 25018 
3.5042 


3.250 
3.25091 
4 25115 

3.25139 
3.25164 


3.25188 
3.25212 


325285 


— ũ ——̃ — 


325334 
3.25358 
3-25382 
3-25406 


3427275 
3.25479 
799 [3-25503 


3-24724| 


3.25310 


3.25431 
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A 


IN. | Logar: 


3-25$$1 
3-25575 
3,2 5600 
3.25624 
3.25648 


3.25672 
3.25696 
3.25720 


325744 
3.25768 


3.25792 
3.25816 
3.25840 
3.25864 
3.25888 


3.25912 
325935 
3.25960 


3.25983 


3.26007 


3.2603 1 


3.26055 
3.26079 
3.26102 
3.26126 


-- * 


N. 


18 46 
1847 
18 48 


1849 
18 50 


1851 
1852 
1853 
1854 
1855 
18 56 
1857 
18 58 
i185 

1865 
1861 
1862 
1863 
1864 
1865 


1866 
1867 
1868 


1869 


1871 
1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 


— —-— 


1886 
1887 
| 1888 
1889 


1890 


1870 


3.26647 
3.26670 
3.26694 
3.26717 


3.27045 
3.27068 


3.27091 
3.27114 
3.27138 
3.27161 
3.27184 


3.27207 
3.27231 
3.27254 
3.27277 
3.27300 


3.27323 
3.27340 
3.27370 
327393 
3.27416 


3.27439 
3.27462 
3.27485 
3.27508 
—835 


3.27554 
3.27577 
3.27600 


327623 


3.27646 


| Logar. | 
3.25623 


| 


| 


N. 


1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 


1899 
1900 


[| 1901 


I902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 


1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 


1921 


192203. 


1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 


1931 
1932 
1933 
1934 
1935 


Log ar. | 


3.27569 
3-2 7692 
3-27715 
3-27738 
3.27761 


3.27784 
3.27807 
3.278 30 
3.27853 


3.27875 


3.27898 
3.27921 
3.27944 


3.27967 


3:27990 


3.28012 
3.28035 
3.28058 
3.28081 
3.28103 


3.28126 
3.28149 
3.28172 


3.28194 
3.28217 


3.28240 
3.28 262 
3.2828 5 
3.28 308 
3.283 30 


3.28668 


| Logar. | 
Leer HR 
3.28691 
3.28713 
3.28735 
3.28758 
3.28 780 


— —— 


3.28803 
3.28825 
3.28847 
3.288 70 
3.28892 


3.28914 
3-28937 
3.28959 
3.28981 
3 
3.29026 
3.29048 
3.29070 
3.29092 
3.29115 


3.29137 
3.29159 
3.29181 
3.29203 
3.29226 


3.29248 
3.29270 
3.29292 
3.29314 
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 Legar. 


3-29688 
2-29710 
3-29732 
3-29754 
3.29776 


3.29708 
3.29820 
3-298 42 
3-29863 
3.29885 


3-29907 
2.29929 


3.30125 
3.30146 
3.30168 
3.30190 
3.30211 


330233 
3.30255 
3.30276 
3.30298 
3.30320 


3.30341 
330363 
3.30384 
3.30406 
3.30428 


— ——— — — 


3-30449 


3.30492 
3.30514 
330535 


330557 
3.30578 
3.30600 
3.30621 


2027 
2028 
2029 


3-30471| 


12.3643 


2030 


2031 
2032 
2033 
2034 
2035 


2036 
2037 
2038 
2039 
2040 


2041 
2042 


0060 || 2043 
2044 


2045 
2046 
2047 
2048 


2049 
2050 


2051 
2052 
2053 


20854 


2055 


— ͤ —yF᷑ — 


2056 
2057 
2058 


2059 
2060 


2062 
2063 
2064 


2065 


2066 
2067 


2068 


2069 
2070 


N. Legar. | 
| 2026 


3.30064 
2.30685 
3+30707 
3-30728 
3.30750 


330771 
3.30792 
3.30814 
3.30835 
3.308 56 


3.308 78 
3.30899 
3.30920 
3-309 42 
3.30963 


3.30984 
3.31006 
3.31027 
3.31048 
3.31069 


3.31091 
3.31112 
331133 
331154 
3˙31175 


3.31197 
3.31218 
331239 
3.31260 
3.31281 


3.31302 
331323 
331345 
3.31366 
331387 


20613. 31408 


3.3149 
3.31450 
3.31471 
3.31492 


331513 
331534 
3.31555 
3.31576 


3.31597 


.. 


2071 
2072 
2073 
2074 
2075 


2076 
2077 
2078 
2079 
2080 


2081 
2082 
2083 
2084 
2085 


2086 
2087 
2088 


2089 
2090 


2091 
2092 
2093 
2094 
2095 


2096 
2097 
2098 


2099 
2100 


101 
2102 
2103 
2104 


2105 


2106 
2107 
2108 
2109 
2110 


rr 
2112 
2113 
2114 


3.31639 
2.31660 
3.31681 


3.31723 
3.31744 
3.31765 
3.31785 
3.31806 


3.31848 
3.31869 
3.31890 
3.31911 


331931 
3.31952 
331973 
331994 
3.32015 


332035 
3.32056 
3-32077 
3.32098 
3.32118 


2.32139 
3-32160 
3.32181 
3.32201 
3.32222 


332243 
3.32263 
$32284 
3-3230$ 
3+32325 


3-32340 
3.32366 
3-32387 
3-32408 
3.32428 


3-32449 
3.32469 
3.32490 
3.32511 


2115 


332531 


3.31702 


3.31827 


| 


Logar. || N. 
3.31618 


2160 


Lop ar. 


3-32553 
332572 
3.32593 
3.32613 
3.32634 


3.32654 
3.32675 
3.32695 
3.32715 
3.32736 


3.32756 
332777 
332797 
3.32818 


3.32838 


3.328 58 
3.328 79 
3.32899 
332919 
332940 


3.32960 
3.32980 
333001 
333021 
3.3304 


3.33062 
3.33082 
3.33102 
3.33122 
333143 


3.33163 
3.33183 
3.33203 
333224 
3.33244 


3-33204 
3-33284 
3-33304 
3-33325 
3.33345 


333365 


3.33405 


333425 


— oc 


3.333855 


3+33445| 
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A Table of Loparithms. 


| Logar. | 


3-33465 
3.33486 
3.33506 
3.33526 
3.33546 


— — —1 


3.33566 


3.33586 
3.33606 
3.33626 
3-33646 


3.33666 
3.33686 
3-33706 
3-33726 
3-33746 


al 


N. 


2206 
2207 
2208 
2209 
2210 


2211 
2212 
2213 
2214 
2215 


2216 
2217 
2218 
2219 
2220 


—— — 
— Dſ— — 


2221 
2222 
2223 
2224 
2225 


2226 
2227 
2228 
2229 
2 


2231 
2232 
2233 


2234 
2235 


2236 
2237 
2238 
2239 
2240 


2241 
2242 
2243 
2244 


2245 


22 40 
2247 
2248 
2249 


2250['3-35218 


Ligar. 


3-34361 
3-34380 
3-34400 
3.34420 
3.34439 


3.34459 
3.34479 
3.3 4498 
3.34518 


1334537 


334557 
3.34577 
3.34596 
3.34616 


334635 


3.34655 
3.34674 
3.34094 
3.34713 


1334733 


3+34753 
334772 
334792 
3.34811 
3-34830 


3.348 50 
3.34869 
3.34889 
3.34908 
3.34928 


3.34967 


3˙.3 5005 
335025 


3.35044 
3.35005 
3.35083 


335141 
3.35160 
3.35180 


32 


3.34947 
3-3 4986 


3+33122 


| 


- — 1 
1 


2265 


— 


2269 


2292 


N. 


2251 
2252 
2253 
2254 
2255 


2256 
2257 
2258 
2259 
2260 


. 


2261 
2262 
2263 
2264 


2266 
2267 
2268 


2270 


2271 
2272 
2273 
2274 
2275 
2276 
2277 
2278 
2279 
2280 
2281 
2282 
2283 
2284 
2285 


2286 
2287 
2288 
2289 
2290 


— 


2291 


2293] 
2294 


3.35334 
3435353] 


1 3-35889 


"Togar. 


3-35238 
3.35257 


3.35276 


3+35295 
3.35315 


335372 
3.35392 
335411 


3.35430 
3.35449 
3.35468 
3.35488 
3.35507 


3.35526 
3.35545 
3.35564 
3.35583 
3.35603 
3.35622 
3.35641 
3.35660 
3.3 5679 
3.35698 


3.35717 
3.35736 
3.35755 
3.35774 
3.35793 


3.35813 
3.35832 
3.35851 
3.35870 


3.35908 
3.35927 
3.35946 
3. 35905 
3-35984 
3.36003 
3.36021 
3.36040 
3.36059 


| 


22951 


te. 


3:30078 


| 3-36097 

3.36116 
3-36135 
3-36154 
336173 


E 36192 
3. 36211 

3.36229 
3.36248 
3.3626) 


3.36286 
3.36305 
3.36324 
3-30342 
3.30361 
22II] 3.36380 
| 3-39299 

3-30 418 
3430436 
3.30455 


3-30 474 
3.36493 
3.36511 
; 3+36530 
3.36549 


3.30568 
3.36580 
3.36605 
3.36624 
3.36642 


— 


3.30601 
3.36680 
3.36698 
3.36717 
3.36730 


3430754 
3.36773 
3.36791 
3.30810 
3.36829 


—— _— 


36847 
1 36866 


| 3-36854 
3-36993 
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A Table of Logarithms. 


Log ar. | 
3 


3˙30940 
3.36959 
3.36977 
3.36996 
3-37014 


3.37033 
3.37051 
3.37070 
3.37088 
3.37107 


3.37125 
3437144 
3.37192 
3.37181 
3.37199 


23563-37218 

3.37236 
2358 3.3753 
3.37273 
337291 


337310 
3.37328 
(3437346 
3-37365 
3-37283 


3.37401 
3.37420 
3.37438 
3.37457 
3.37475 


337493 
337511 
3.37530 
3.37548 
3.37566 
—— 
3.37585 
3.37603 
3.37621 
22238 
3-3765 


3.37676 
3-37692 
3+37712 
94 13437731 


2225 13-3779 


N. 
2386 
2387 
2388 
2389] 


239013.37840 


—— — — 


2391 
2392 
2393 
2394 
2395 
2399 | 
2397 
2398 
2399 
2400 


2401 


240213. 


2403 


24043. 
2405 g. 


2406 z. 


2407 
2408 


2409 g. 
2410 


— — 


2411 


2412 
21131. 


2413 
2415 
2416 
2417 
2418 
2419 


— — 


2421 
2422 
2423 
2424 
2425 


2426 
2427 
2428 
2429 
2430 


— ꝓ——6—G— 


Lopar. 

3-37797 
3-37785 
3-37803 
3-37822 


3-37858 
3.37876 
3.37894 
3.37912 
3.37931 


3.37949 
3.37967 
3.3798 5 
3.38003 
3.28021 | 


3.38039 


2453 


2457 


* 


N. 
2431 
2432 
2433 
2434 
2435 


2436 
2437 
2438 
2439 
2440 


2441 
2442 
2443 

2444 
2445 


2446 
2447 
2 448 
2449 
2450 


2451 
2452 


2454 
2455 


—ůͤ— 


2456 


2458 
2459 
2460 
2461 
2462 
2463 
2464 
2465 


2466 
2467 
2468 
2469 
2470 


2471 
2473 
2473 


2474 


3-38579 
3.28569 
3.38614 
3.38632 
3.386 50 


3.38668 
3.38686 
3.38703 
3.38721 
3.38 739 


3.38757 
3.38775 
3.38792 
3.388 10 
3.38828 
3.388 46 
3.38863 
3.38881 
3.38899 
3.38917 


3.38934 
3.389 52 
3.389 70 
3.38987 
3.39005 


3.39022 
3.39041 
3.39058 
3.39076 
3.39094 


3.39111 
3.39129 
3.39146 
3.39164 
3.39182 


3.39199 


3.39236 
3.39252 
3.39270 


3.39287 
3.39305 
339322 
3.39340 


| Logar. p 


3.39217 


2475! 


3.39863 


3.39915 


3. 40002 


339533 


3.39550 
3.39568 
3.39585 
3.39602 
3-39620, 


3.39637 
3.39655 
3.39672 
3.39690 
3.39707 


3-3 9724 
3.39741 
3.39759 
3.39777 
339794 
3.39811 
3.39829 
3-398 46 


3.39881. 


— 


3.39898 


339933 
3.39950 
3.39967. 


3.39985 


3.40019 
3.40037 
3.40054 


3.39358 
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N. 
12521 
2522 


2524 
2525 
2526 
12527 
2528 
12529 
2530 


2531 
2532 
[2533 

2534 
2535 


2536 
(2537 
2538 
2539 
2540 


2541 
2542 
2543 
2544 
2545 


2546 
2547 
2548 


2549 
2550 


„ 


3.40175 


3. 40209 


3.40261 
3.40278 
3-40295 
3-40312 


3-40329 
3.40346 
3·40364 
3.40391 
3.40308 


3.40415 
3.40432 
3.40449 
3.40466 
3.40483 


3.40500 
3.40518 
3.40525 
3.405 52 
3.40569 


3.40586 
3.40603 
3. 40620 
340037 
3.4065 4 


— 12551 
2552 
2553 
2554 
2555 
2556 
2557 
2558 
2559 


2561 


2560 


256 
2563 
2564 


3.40671 
3.40688 
3.40705 
3.40722 
3.40739 


3.40756 
3.40773 
3.40790 
3.40807 


3. 408 58 
3.408 75 
3.40892 
340 


3.40192 
3.40226 
3.40243 


3.40824 
3.40841 


Legar. || 
3.40157 


N. 


2566 3.40926 
2567 3-40943 
2508 | 2:40960 


2569 


2570.3. 40993 


2571 
2572 
2573 
2574 
2575 


2576 
2577 
2578 
2579 
2580 


2581 
2582 
2583 
2584 
2585 
2586 
2587 
2588 
2589 
2590 


2597 
2592 
2593 
2594 
2595 


2596 
2597 
2598 


2599 
2000 


2601 
2602 
2603 
2604 
2605 


2600 | 
2607 
2608 
2609 


Lag ar. 


3.409 76 


3.41010 
3.41027 
3-41044 
3.41061 
3.41078 


3.41095 
3.41111 
3.41128 
3.41145 
3.41162 


3.41179 
3.41 196 
3.41212 
3.41229 
3.41246 


3.41263 
3.41280 
3.41296 
341313 
3.41330 


3-41347 
3.41364 
3.41380 
3.41397 
3.41414 


3·41430 
341447 
3-41 404 
3.41481 
3.41497 


341514 
341531 
2-41547 
3-41504 
3.41581 


— mm—m—— 


3.41597 
341614 
3.41631 
3.41647 
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2644 
2645 


2646 
2647 
2648 


2649 
2650 


2651 
2652 
2653 
2654 


3.41697 


| 2-41830| 


3.41996 


2643 3˙4221 


3˙4234 
3.42357 
3·42374 


Logar. 


3.41681 


3541714 


3.41731 


341747 
3.41764 


3.41780 
3.41797 


3.41814 


3.41847 
3.41863 
3.41880 
3441896 
341913 


3.41929 
3-41946 


3-41963 
3.41970 


3.42012 
3.42029 
342045 
3.42062 
3.42078 


342095 
3.42111 
3.42127 
342144 
3.42160 


3+42177 
 3-42193 


3.42226 
342243 


342259 
3-42275 
3.42292 
3.42308 
3.42325 


3.42390 


3.42406 


2658 


2659 
2660 


2662 
2663 
2664 
2665 


2666 
2667 
2668 
2669 
2670 


2671 
2672 
2673 
2674 
7 
2676 
2677 
2678 


2679 
2680 


2681 
2682 
2683 
2684 
2685 


—5ßrEæ 


2686 
2687 
2688 
2689 
2690 


2691 
2692 
2693 
2694 


Logar.| 
3.42423 
3-42429 
3-42456 
3-42 472 
3-42 488 


3.42504 
3.42521 
3.42537 
3.42553 
3.42570 


3.42580 
3.42602 
3.42619 
3-42635 
3-42651 


3.42667 
3.42684 
3.42700 
3442716 
3.42732 


3-42749 
3-42765 
3.42781 
3·42797 
3.42813 


3.42830 
3.42846 
3.42802 
3.42878 
3.42894 


3.42911 
3.42927 
342943 
3.42959 
3.42975 


3-42991 
3-43008 
3-43024 
3-43949 


2695 


2696 | 3-43973 
2697 | 343088 


3-43056 


3-43104 
3.43120 


2565 


R 


2610 


4664 
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. | Logar. N 


3-43152 


343233 
3-43249 
3.43265 
3.43281 
343297 


3.43313 
3.43329 
3.43345 
3.43361 
3.43377 


3.43393 

3.43409 
3-43425 
3.43441 
3.43457 


3.43473 
3.43489 
3.43505 
343521 
3.43537 


3.43553 
3.43569 
3.43584 
3-43600 


3-43712 
3-43727 
3-43743 
3-43759 
3.43775 


13-43 791 
3.43807 
3.43823 


. 
2746 


2747 
2748 
2749 
2750 


2751 


2752 


2753 
2754 
2755 


2756 


2757 
2758 


2759 
2760 


2761 
2762 
2763 
2764 
2765 
2766 
2767 
2758 
2769 
2770 


2771 
2772 
2773 
2774 
2775 


— — 


2776 
2777 
2778 
2779 
2780 


2781 
2782. 


2783 


2784 
2785 


2786 
2787 
2788 


2789 
2790 


Legar. 


3-43870 
3.43886 
3-43902 
3-43917 
3-43933 


3-43949| 


3.43965 
3.43981 
3.43996 
3.44012 


3.44028 
344044 
344059 
344075 
—4— 


3.44107 
3.44122 
344138 
3.44154 


344185 
3.44201 
3.44217 
344232 


3.44264 
3.442 79 
3.44295 
3.44311 
3-44326 


3-44342 
3-44358 
3-44373 


3-44389| 


3-44404 
3-44420 


-3-44430 


3-44451 
3.44497 
3.44483 


344498 
344514 
3.44529 
3·44545 
3. 44560 


e 


| 


N. 


27913. 


2792 
2793 


279403. 
279513. 


— — ä —ñ 


2796 


2797} 7 


2798 


2199 
2800 


2801 
2802 
2803 
2804 
2805 


2806 
2807 
2808 
2809 
2810 


2811 
2812 
2813 
2814 
2815 


2816 
2817 
2818 
2819 
2820 


2821 
2822 
2823 
2824 
2825 


— 


2826 


12827 


2828 
2829 
2820 


2831 
2832 
2833 


12835 


2834 


3.44731 
2.44747 
3-44702 
2.44778 
3.44793 


3.44809 
3.44824 
3-448 40 
3-44855 


3-4487k 


3.44886 


3.44902 


3.44917 
3.44932 
22255 


3-44963 
3-44979 
3-44994 
3.45010 
3.45025 


3.45040 
3.45056 


3.45071 


3.45086 


3.45102 


3.4511) 
345133 
3.45148 
345163 
3-45179 


3-45194 
3-45209 
34522 

3.45240 


N 


| 
Lagar. | 


| 3-45271 
3.45286 
2838 | 3.45301 
2839 3.45317 
2840 3.45332 


2841 3.45347 
2842 3.45302 
2843345378 bl 
2844| 345393 | 
2845 3.45408 a 


2846 | 3-45423 
2847 


3-45439 Wy 
2848 3.45454 | 
28 49 | 3.45499 | | 
2850|3-45454 iN 


3-45 500 
3.45515 


2836 
2837 


2851 
2852 
2853 


2854345545 
28553. 


28 563.4557 
2857] 3-45 591 
2858 | 3.456006 
2859 | 3-45021 
2860 | 3- 45637 


2861 
2862 
2863 
2864 
2865 


2866 
2867 
2868 
2869 
2870 


DI 

> 

Wh 

= 
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3.45 728 
3.45743 ö 
3.45758 | 1 
345773 — 
3.45 788 | 

3.45803 
3.45818 
3.45834 
3.458 49 i 
3.45864 Y | | 


2871 | 
2872 
2873 
2874 
2875 


287 


2877 
2878 


— 
* 


3.45879 It 
3-45894 ü 


28 79 
2220.3 
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38 76 
3877 


3879 
3880 


3881 
2885 
3887 


3888 
3889 


3.58816 


3.58827 


3-583 38 
3.58850 
3.58861 
3.58872 


3.58883 


3.58894 
3.58906 
3.58917 
3.58928 


3. 


58939 


3.58950 | 


3.58961 
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58973 


3.58984 


3890 | 3 


38913. 590056 
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58995 
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Zo 


59017 
59028 


4 3.59040 


3895 3 3.59051 


3.59092 
3.59073 
3.59084 
3.50095 


3.59006 


3901 3.59118 
3902 3.59129 
3903 3.59140 
3904 3+ 59151 
3905 3.59162 


3900 
3907 
3908 
3999 


912 


3913 


3. 
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59173 


59184 


59395 


3.39207 
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59218 


+ 
3.59229 
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Zo 2277 
3914 3. 59252 


(391513: 592731 


3918 
3919 
3920 


3921 
3922 
3923 
3924 
3925 


3926 
3927 
3928 
3929 


3930 
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it 


3932 
3933 
3934 
3935 


3936 


3937 
3938 
3939 
3940 


3941 
3942 
3943 
3944 
2945 


3945 


3948 
5949 
2950 


2951 


3953 
3954 
3955 


2947 [2+ 


3952 


3.59306 
3.59318 
3.59329 


3.59340 
3.59351 
3.59362 
3.59373 
3.59384 


3.59395 
3.59406 
59417 
3.59428 


SS) 


3.59439 
39313.59450 


3.59461 
3-59472 
3.59483 
3-59494 


3.59505 
3.59517 
3.59528 
3.59539 
3.59550 


3.59561 


3.59693 
3459704 
3.59715 
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3.59725 

239737 

359748 
59759 
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A Table of Logarithms. 


Dear. 


3.59780 
3.59791 
3.59802 
3-59813 
3.59824 


3.59835 
3-598 46 
3.59857 
3.59868 
3.59879 


3.59890 
3.59901 
3.59912 
3.59923 
3.59934 


3.59945 
3.59956 
3.59958 
3.59977 
3.59988 


3.59999 
3.60010 
3.60021 


3.60032 


3.60043 


3.50054 
3.60065 
3.90076 
3.60086 
3.60097 


3.50108 
3.60119 
3.60130 
3.60141 
3.60152 


3.60163 
3.60173 
3.60184 


3.60195 
3.60209 


3.00217 
3.60228 
3.60239 


3.60249 
3.60260 


— 


4006 


4007 
4008 


— — — 


4011 
4012 
4013 
2 
4015 
4016 
4017 
4018 


4019 
4020 


4021 
4022 
4023 
4024 
4025 


4026 


4027 
4028 
4029 
4030 


4031 
4032 
4033 
4034 
4035 
4036 
4037 
4038 
4039 
4040 


4041 
4042 
4043 
4044 
4045 
4046 
4047 
4048 
4049 


4009 
4010 


Logar. Il 


3.60271 
3.50282 
3-00292 
3.60304 
3.60214 


3.60325 
3.60326 
3.00347 
3.60358 
3.60369 


3.603 79 
3.603 90 
3.60401 
3.60412 
3.60423 


3.60433 
3.00444 
3.60455 
3.60466 


3.60477 


3.60487 
3.60498 
2.60509 
3.60520 
3.60531 


3.60541 
3.60552 
3.60563 
3.00574 
2.50584 


3.60595 
3.60606 
3.60617 
3.60627 
3.60538 


— 


3.606 49 
3.60660 
3.60670 
3.6068 1 
3.60692 


3.60703 
3.60713 
3.00724 
3.6075 


6— — 


Logar. 


3.60756 
3.60767 
3.60778 
3.60788 
3.60799 


3.00810 
3.60821 
3.60831 
3.608 42 
2.60853 


3.6086 2 
3.60874 
3.00885 
3.60895 
3.60906 


3.60917 
3.60927 
3.60938 
3.0949 
2.60959 


3.60970 
3.60981 
3.60991 
3.61002 
3.61013 


3.61023 
3.61034 
3.61045 
3.61055 
3.61066 


— 


3.01077 
3.01087 


3.61098 


3.61109 


3.61130 
3.61140 
3.61151 
3.61162 
3.61172 


3.61183 
3.61194 
3.61204 
3.61215 


3.61225 


3.61119 


N. 


4099 
4098 
4099 


— 


4101 
4102 
4103 
4104 
4105 


4108 


4109 
4110 


4111 
4112 
4113 
4114 
4115 


— — 


4116 
4117 
4118 
4119 


4125 


4126 
4127 
4128 
4129 
4130 


4131 
4132 


4137 
4138 


4139 
4¹ 40 


4595 | 3.61236 


4100 


4106 3.61342 
4107 3.671352 


4120 3-61 490 
4121 | 3.61500 
4122'3.01511 
4123}3.01521 
412413.515 32 


4133 
4134 3.61637 
4135 3.61648 


41363 


3.61331 


Logar. 


3.61247 


3.61257 
3.61268 


2.61278 


3.61289 
3.01300 
3.01310 
3.61321 


— — 


2.67363 
(3-01374 
(3.01384 


3-01 395 
3.61405 
3.61416 
3.01426 
3.01437 


3-61 448 
3.01458 
3.01 469 
3.51479 


3.61542 


3.61553 
3.61503 
3.61574 
3.01584 
3.61595 


2.61600 
3.61610 
3.61627 


61658 4 I 
3.616600 
3.61679] | 3 
3.616900 


3.01700 4 


4050 


3.60746 || 4095 
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Table of Logarithms. 


Logar. | 


3.61711 
3.61721 
3.01721 
3.01742 
3.01752 


3.61763 
3.61773 
3.61784 
3.61794 
2.61805 


3.01815 
3.61826 


3 3.61836 


3.61847 
3.61857 


3.61868 


3.61878 
3.61888 
3.61899 
3.61909 
3.61920 
3.61930 
3.61941 


3.61951 
2.01992 


41661 3.61972 
3.61982 
3.61993 
3.62003 
4170] 3-02014 


4171|3- 02024 


3.62045 
3.62055 
3.02066 


3.92076 


3.62097 
3.62107 
3.62118 


3.02128 
3.62138 
3.62149 
3.6215 


3.62034 


3.62086 


3.62170 


Each 


4186 
4187 
4188 
4189 
4190 


4191 
4192 
4193 
4194 


4196 
4197 
4198 
4199 
4200 


4201 
4202 
4203 
4204 
4205 
i 4206 
4207 
4208 


4209 
4210 


4211 
4212 
4213 
4214 
4215 


4216 


4217 
4218 


4219 


4221 
4222 
4223 
4224 


| 4226 
4227 
4238 


914229 


| 4230 


| Lopgar. | 


3.62221 


4195 


4220 


42253. 


3 62180 
3.62190 
3.02201 
3.02211 


3.02232 
3.02242 
3.02252 
3.02263 
3.02273 
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3-02284 


3.02294 
3-02304 
3.02315 
3.02325 
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Log ar. 

3.52544 
3.62655 
3.62665 
3.62675. 
3.62685 


3. 62096 
3.62706 
3.62716 
3.62726 


3.62747 


3.62757 
3.62778 
3.62788 


3.62798 
3.62808 
3.62818 
3.62829 
3.02839 


3.02849 
3-02859 
3.628 70 
3.62880 
3.62890 


3.62900 
3.62910 
3.62921 
3.62931 
3.62941 


3.62951 
3.52901 
3.62972 
3.62982 
3.62992 


3.63002 
3.63012 
3.63022 
3.63033 
3-93043 


3.62737 


3.62757 ' 
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A Table of Logarithms. 


4331 


8 3.53729 


33.638 79 


Lag ar. 

5 55575 
3. 63568 
3.63579 
3.63589 


3.03609 
3.63619 
3.63629 
3.63639 
3.63649 


. 


N. Loga . | 


4366 
4367 
4368 
4399 
4370 


4371 
14372 
4373 
14374 
4375 


1 — 


3.63659 
3.63669 


3.63679 
3.63689 


3.53699 


3.03709 
3.63719 


3.63739 
3.63749 


3.53759 
3.63769 
3.63779 
3.63789 
3.63799 
3.63809 
3.63819 
3.63829 
3.63839 
3.638 49 


3.53859 
3.63869 


3.63889 


— — 


4575 
14377 
4378 
4279 
4380 


4381 
4382 
4383 
4384 
4385 


4386 
4387 
4388 
4389 
4390 


4391 
4392 
4393 
4394 
4295 


4290 
4397 
4398 


** 


X 3.63899 
'| 


3.93909 
3.53919 
3.63929 
3.53929 
3.53949 


3.53959 
3-03959 


3-03979 


_— —— 


4299 
4400 


4401 
4 402 
4403 
4404 
14 
4405 
4407 
4408 


3.53988 
3. 63998. 


4499 
4410 


3.64008 
3.64018 
3.64028 
3.64038 
3.64048 


3.64058 
3.64068 
3.64078 
3.64088 


3.64108 
3.64118 
3.64128 
3.64137 
3.64147 


3.64157 


3.64177 


3-64187 


3-04207 
3.04217 
3.04227 
3.04237 
3.04246 


3.04256 
3.64266 
3.64276 
3.64286 
3.64296 
3.64306 
3-04316 
3.64326 
3-04335 
3.64345 


3.94255 
3.64365 
3.64375 
3.54285 
3-94395 


3.64404 
3-94414 
3.64424 
3.64434 


3.64444 


3.64098 


3.64197 
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441I 
4412 
4413 
4414 
4415 


— 


4416 
4417 
4418 
4419 
4420 


4422 
4423 
4424 
4425 


| 4420 
3.64167 


4427 


4428 
4429 
[4430 


4431 
4432 
4433 
4434 
4435 


4436 
4437 
4438 
4439 
4440 


4441 
4442 
4443 
4444 


4445 


4446 
4447 
4448 
4449 
4450 


121 


| Logar. 


3-04454 
3-54494 
3-04473 
3.04483 
2.94492 


3.64503 
3.64513 
3.64523 
3.64532 
3.64542 


3-94552 
3.04502 
3.64572 
3.64582 
3.64591 


3.64501 
3.64511 
3.64521 
3.64631 
3.64640 


3.64660 
3.94670 
3.64680 
3.64689 


3-0 4599 
3.04709 
3-04719 
3.64729 
3.64738 


| 3.64748 
3.64758 
3.64758 
3.64777 
3.64787 


3.64797 
3.64807 
3.64816 
3.594825 
3.654836 


3.64550 


4451 
4452 
4453 
| 4454 
4455 


3.94846 
3.94850 
3.04865 
[3-0487) 


3.64885 


| 


2.95031 


3.95049 
3.55050 
3.05050 
3.05070 
3.65079 
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A. Table of Logarithms. 


SAR i 4, ns 
+> 
41 
42 
O 


3.05331 
3.05341 
3.95350 
3.05360 


5 | 3-05 369 


3.65379 
3.65389 


3.65298 


3.65408 
3.65418 


3.65427 


3.65437 
3.65447 
3.65456 
3.65466 


3.55475 
3.65485 
3.6549 
3.65504 
3.65514 


3.6552 
3.65533 
2.05543 
3.05552 
3.65562 


3-05571 
3.65581 
2.05591 
3-05600 
3.05510 


3.65619 
3.05629 
3.65639 


24] 3.95648 


3.05658 


3.65607 
3.05677 
3.65686 
3.65696 
2.65706 


3.65713 


3.65734 
3.65744 


3.65753 


Log ar. | 


3.65725 


4 


N. 
4549 
4547 
4548 
4549 
4550 
4551 
4552 
4553 


4534 
4555 


— — 


4550 
4557 
4558 


4559 
4560 


4501 
4502 
4503 
4594 
4595 


4596 
4507 
4598 
4509 
4570 
4571 
4572 
4572 
4574 


4575 


4576 
4577 
4578 


4579 
4580 


4581 
4582 
4583 
4584 
4585 
4585 
4587 
4588 
4589 


| 


4599 


Logar. 


305753 
3-577? 
3.05782 
3.65792 
3.65801 


3.65811 
3.65830 
3.55830 
3.65829 
2.55849 


3.65858 
3.65868 
3.65877 
3.65887 
3.65895 


3.65906 
3.65916 
3.55925 
3.65935 


3.65944 


3.65954 
3.65953 
3.65973 
3.65982 
3.65992 


3.6000 
3.56011 
3.66020 
3.66030 
3.56029 


66049 
3.66058 
3.66068 
3.96077 


3.66087 


3.66096 
3.96105 
3.56115 
3.66124 
3.66134 


3.66143 


3.66153 
3.66162 
3.66172 


3.66181 


| 


N. 


— 


4591 
4592 
4593 
4594 
4595 


4590 
4597 
4598 
4599 
4500 


4501 
4502 
450? 
4504 


4605 


4505 


| 4007 3. 
4508 


4609 
4610 


4511 


46123. 


4912 
4914 
4515 


— — — 


401613. 
4517] 3. 


4518 
4219 


4920] 3. 


4621 


4622 
462 
4624 
425 


4526] 3. 


4527 


46283. 


4529 
4930 


4931 


4632 


4533 


46343" 
493513: 


Logar. | 


3.96191 
3.56200 
3.55210 
3.96219 
2.00229 


3.66238 
3.66247 
3.66257 
3.66265 
3.66276 


3.66285 
3.66295 
3.66304 
3.66314 
3.66322 
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A Table of Logarithms. 


Logar. 


3-07034 
3-07043 
3.67052 
3.67062 


2.67071 


2.57080 


3.67090 
3.67099 
3.67108 


4697 
4698 
4699 


4701 
4702 
4703 
| 4704 
4705 


4706 
4707 
4708 
[4709 
4710 


4711 
4712 
4713 
1 

4715 


— — 


4716 
14717 
4718 
4719 
4720 


4721 
4722 
4723 
[4724 


3.67117 


4691 3.67127 
4092 3.67136 
4093, 3-67145 
14094! 3.67154 

4695! 3.67164 


| 4596} 3.67173 
3.67182 
(3.67191 
3.67201 
4700 3.07210 


3.67219 
3.67228 
3.67238 
3.67247 
3.67256 


3.67265 
3.67274 
3.67284 
3.67293 
3.67302 
3.67311 
3-07321 
3-07330 


3-07339 
3.67348 


3.67357 
3.67367 
3.67376 
3.67385 
3.67394 


3.67403 
3.67413 
3.67422 
3.67431 


14725367440 


4726 


4728 
4729 
[4730 


4731 
4732 
4733 
4724 
4735 


4736 
4737 
4738 
4739 
4740 


4741 
4742 
4743 
4744 
4745 


4746 
4747 
4748 
4149 
4750 


4751 
4752 
(4753 
14754 
4755 


— wXbↄʒů— — 


4756 
4757 
4758 
4759 
4760 


4761 
4702 
4763 
4704 
4765 


4766 
4767 
4768 
4769 
114770 


{ 


4727 


| N. | Logar. i 


3.57449 
2.07459: 
3.67468 
3.67477 
3.67486 


3-67495 
3.57504 
3-07514 
3.67523 
3.67532 


3.07541 
3.67550 


3.67560 


3.67569 
3.67578 


3.67587 
3.67596 
3.67605 
3.67614 
3.67624 


3.67533 
3-075 42 
3-07651 
3.07660 
2.07669 
3.57079 
3.67688 


3.67597 
3.67706 


3.67715 


3.6774 
3.67733 
3.67742 
3.67752 
3.67761 


3.67770 
3.67779 
3.67788 


3.67797 
3.67806 


3.67815 
3.67825 
367834 
3-07843 


3-67852 


4771 
4772 
4773 


4774 


4775 


3.67861 
3.6 78 70 
3.078 70 
3.67888 


2.97897 


N. | Logar. \| 


— 


4860 


4858 3. 1 
48 59 3.080555 8 
3.686060 1 
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A Table of Logarithms: 


Logar. 


3.68673 
3.68681 
31] 3.68690 
3.68699 
3.68 708 


3.68717 
3.68726 
3.68735 
3.68744 
9368753 


3.68 762 
3.68771 
3.68 780 
3.68789 
3.68797 


3.68806 
3.68815 
3.68824 
3.68833 
3.68842 


3.688 51 
3.68860 
3.68869 
3.688 78 
3.68886 


3.68895 
3.68904 
3.68913 
3.68922 
3.68931 


3.68940 


3.68949 
3.68958 


3.68966 
3.68975 
3.6898 4 
3.68993 


. 
| > 
CO 
— 
GO 


3.0901 I 
3-09020 


3.09028 
3-09037 
313-69046 
3.6905 5 
369064 


3.69002 | 


— 


4906 
4907 
4908 
4909 
4910 


— 


4911 


14912 


4913 
4914 
4915 


4916 
4917 
4918 
4919 
4920 


4921 
4922 
4923 
4924 
4925 


— — — 


4926 
4927 
4928 
4929 
4930 


4931 
4932 
4933 
4934 
4935 


4936 
4937 
4938 
4939 
4940 


49 41 
4942 
4943 
4944 
4945 
4946 
4947 
4948 


4949 
4950 


Logar. 


3.69073 
3.69082 
3.69090 
3.9099 
3.69108 


3.691 17 
3.69126 
2.69135 
3-091 44 
369152 
3.69161 
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3.69232 
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3-09311 
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3.659399 
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3.69627 
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3.09653 
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3.69758 
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3.69827 
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5063 
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5069 
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3.70260 
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3.71037 
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3.71775 
3.71784 
3.71792 
3.71800 
3.2809 
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3.71825 
3.71834 
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3.72616 
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3.72787 
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3.72957 
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3.73151 
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313-74997 
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3.74071 
3.74679 
3.74687 
3.74695 
3.74702 


3.74710 
3.74718 
3.74726 
3.74733 
3.74741 
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3.74764 
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3.75028 | 


3.75035 
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3.75059 
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3.76827 


3.70834 
3.708 42 
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A Table of Logarithms. 


Togar. 


3.77386 
3.77393 
3.77401 
3.77408 
3.77415 


3.77422 
3.77430 
3.77437 
3.77444 
3.77452 


3.77459 
3.77466 
3.7474 
3.77481 
3.77488 


3.77495 
3.77503 
3.77510 
3.77517 
3.77525 


3.77532 
3.77539 
3.77546 
3.7554 
3.7 7561 


3.77508 
3.77576 
3-77583 
3.77590 
3.77597 


3.77005 
3.77612 
3.77619 
3.77627 
3.77634 


3.77041 
3.77048 
3.77656 
3.77663 
3.77670 


3.77677 
3.77685 
3.77692 


3.77699 
3.77706 


5986 
5987 
5988 
5989 
5990 


5991 
5992 
5993 
5994 
5995 


5996 
5997 
5998 


5999 
6000 


6002 
6003 
6004 
6005 


6006 
6007 
6008 
6009 
6010 


6011 
6012 
6013 
6014 
6015 


6016 
6017 


16018 


6019 
6020 


6021 
6022 
6023 
6024 
[0025 


6026 


6028 
6029 


1 


6030 


1 


6001 


ö 


6027 


3.77714 
3.77721 
3.77728 
3.77735 
3.7743 


3.77750 
3.77757 
3.77764 
3.77772 
3.77779 


3.77786 
3.77793 
3.77801 
3.77808 


3.77815 


3.77822 
3.77830 
3.77837 


3.77859 
3.77866 
3.77873 
3.77880 
3.77887 


3.77895 
3.77902 
3.77909 
3.77910 
3.77924 


3.77931 
3.77938 
3.77945 
3.77952 
3.77900 


3.77967 


3.77981 
3.77989 
3.77996 


3.78003 
3.78010 
3.78017 
3.78025 
3.78032 


Lag ar. 


3.77844 
3-77851] 


| 


3+17974] 


N. 


6031 
£032 
603 
6034 
6035 
6036 
6037 
6038 


6039 
6040 


6041 
6042 
0043 


0044 
6045 


6046 
6047 
6048 
6049 
6050 


6051 
6052 
6053 


6054 


6055 


6056 
6057 
6058 
6059 


6060 


6001 
6062 
6092 
6064 
6063 


6066 
6067 
6068 
6069 
6070 


6071 
6072 


Log ar. 


3.78040 
3.78053 
3.78051 
3.78068 


3.78075 
3.78082 
3.78089 
3.78097 
2.78104 


3.78110 
3.78118 
3.78125 
3.78132 
3.78140 


3.78147 
3.78154 
3.78161 
3.78168 
3.78176 


3.78183 
3.78190 
3.78197 
3.78204 


3.78219 
3.78226 
3.78233 
3.78240 
3.79247 


3.78254 
3.78262 
3.78269 
3.78270 
3.78283 


3.78290 
3.78297 
3.78305 
3.78312 
3.78319 


3.78326 
3.78333 


3.789099 


3.78211 


| 3.75362 


Logar. | 


2.78369 


3.78375 


3.78383 
7.78390 
3.78298 
3.78 405 
3.78412 
2.7 8419 
3.78426 


3-78433 
2.76 440 
3.78447 
3.78455 
3.78462 


3.78469 
3.78476 
3.78483 
3.78 490 
3.78497 


3.78 505 
3.78512 
3.78519 
3.78526 
3.78533 


3-785 40 
3-78547 
3-78554 
3.78561 
3.78 569 


2.78570 
3.78583 
3.78 590 
3.78597 


3.78604 } 


3.78611 
3.78618 
3.78625 
3.78633 
3.786 40 


3.78047 
3.78654 
3.78661 
3.78668 


37 


| 


378075 
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A Table of Logarithms. 


r 


| 6151 3.78895 


N. 


6166 
6167 
6168 
6169 
6170 


6171 
6172 
6173 
6174 
6175 
6176 
6177 
6178 


6179 
6180 


6181 
6182 
6183 
6184 
6185 
6186 
6187 
6188 


16189 


6190 


6191 
6192 


16193 


6194 
6195, 
6195 
6197 
6198 


6199 
6200 


_— 


6201 
6202 
6203 
6204 
6205 


6206 


6207 
6209 


ale 


Logar. 


3.79000 
3-79007 
3.79014 
3.79021 
3.79029 


3.79036 
3.79043 


3.79057 
3.79064 


3.79071 


3.79078 
3.79085 
3.79092 
3.79099 
3.79106 
3.79113 
3.79120 
3.79127 
3.79134 


3.79141 
3.79148 


3.79155 


3.79162 
3.79169 


3.79176 


3.79183 


3.79190 
3.79197 
3.79204 


3.79211 
3.79218 
3.79225 
3.79232 
3.79239 
3.79246 
3.79253 
3.79260 
3.79267 
3.79274 


3.79288 


6208 3.79295 


3.79302 


379309 


| 


3.79050 


3.79281 


N. 


6211 
6212 
6213 
6214 
6215 


6216 
6217 
6218 
6219 
6220 


6221 
6222 


6223 


6224 
0225 
6226 
6227 
6228 


6229 
6230 


6231 
6232 
6233 
0234 
6235 
6236 
6237 
6238 


0239 
6240 


6241 
6242 
0243 
6244 


6245 
6246 


6247 
6248 


6249 
6250 


Logar. 


3.79316 
3.79323 
3.79330 
3.79337 
3.79344 


3.79351 
3.79358 
3.79365 
3.79372 
3.79379 


3.79386 


3.79393 
3.79400 


3.79400 
3.79414 


3.79421 


3.79428 
379432 


3.79442 


3.79449 


3.79456 
3.79453 
3.79470 
3.79477 
3.79484 


3.79491 
3.79498 
3.79505 
3.79512 
3.79518 


3.79525 
3.79532 
3.79539 
3.79546 
3.79553 


3.79560 
3.79567 
3.79574 


3-795811]6 


3.79588 


3.79595 
3.79602 


— 


winnen 
Logar. 


3.79748 


——— 
3.79630 
3.79637 
3.79644 
3.79651 
3.79657 


— 


3.79664 
3.79671 
3.79578 
3.79585 
3.79692 


3.79599 
3.79700 
3.79713 
3.79720 
3.79727 


3+19734 
3-79741] 


3.797574 
3.79701 


3.79708 
3.79775 
3.79782 
3.79789 
5-19790} 


3.79805 
3.79510 
3.79817 
3.79824 
3.79831 


— H— 


3.79837 
3.798 44 
3.798510 
3.798 58 40 
3.798056 


3-79872] | 

3.798790 
3.79886 
3.79893 
3.79900 


3.79900 
3.7991 
3.79920 
3.79927 
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A Table of Logarithms. 


14 r ——ʃ 


Logar: 


3-79941 
3.79948 
3.79955 


3.79968 
3.79975 
3.79982 
3.79989 


3.80903 


3.80010 
3.80017 
3.80024 
3. 800 30 
3.80037 


3.80044 
3.80951 
3.800 58 
3. 8006 5 
3.80072 


3.80079 
3.8008 5 
3.80092 
3.80099 
3.80105 


3.801 13 
3.80120 
3.80127 


3.80134 
3.80140 


—ͤ — 


3.80161 
3.80168 
2.80175 


— ———————... 


3.80182 
3.80188 
3.80195 
3.80202 
2.80209 


3.79962 


3.79996 


3.80147 
3.80154 


| 


| Logar. 


2.30250 
3.80257 


$1 3.80264: 


3.80271 
3.80277 


3.80284 


3.80291 


3.80298 
3.80305 
3.80312 


3.80318 
3.80325 
3.80332 


3.80339 
3.80346 


3.80353 
3.80359 
3.80366 
3.80373 
3.80380 


3.80387 
3.80393 | 
3.80400 
3.80407 
3.80414 


3.80421 
3.80428 
3.80434 
3.80441 
3.80448 


3.80455 
3.80462 
3.80468 
3-80475 
3.80482 


3-80489 
3.90490 
3.80502 
3.80509 
3.80 516 


Logar. 


3.80557 
3.80564 
3.80570 
3.80577 
3.80584 


3.80591 
3.80598 
3.80604 
3.80611 
3.80618 


3.80625 


3.80632 
3.80638 
3.80645 
2.80652 


3.80959 
3.80665 
3.80672 
3.805 79 
3.80686 


3.80693 
3.80099 
3.807056 
3.80713 
3-80720 


3.80726 
3.80733 
3.80740 
3.80747 
3.80754 


3.80760 
3.80767 
3.80774 
3.80781 
3.80787 


3.80794 
3.80801 
3.80808 
3. 808 14 
3.80821 
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A Table of Logarithms. 


* 


N. Tag ar. 


6526 
6527 
6528 
6529 
6520 


6531 
6532 
6533 
6534 


3.81465 
3.81471 
3.81478 
3.81485 
3.81491 


3.8 1498 
3.81505 
3.81511 
3.81518 


65353.81525 


6536 
6537 
6528 
6529 
6540 


6541 
6542 
6543 
6544 
6545 


6546 
6547 
6548 


6549 
6550 


6551 
6552 


45116553 


0554 
0555 
6556 


0557 
65588 


ö 


3.81531 
3.81538 
3.81544 
3.31551 
2.81558 


3.81554 
3.81571 
3.815 78 
3.81584 
3.81591 
3.81598 


3.81604 
3.81611 


{3.31618} 6 
3.81624 


3.81631 
3.81637 
3.81644 
3.81651 
3.81657 


3.81664 
3.81671 
3.81677 
3.81684 
3.81690 


3.81697 
3.81704 
3.81710 
3.81717 


3.81730 
3.81737 


3.81743 
3.81750 


3.81723 


3.81757 


N. 


6571 
6572 
0573 
6574 
6575 


———— — — 


6576 
6577 
6578 
0579 
6580 


0581 
0582 
6583 
6584 
6585 


6586 
6587 
6588 
6589 
6590 


6591 


6592 
6593 


6596 
6597 
6598 


6599 
6600 


6601 
6602 
6603 
6604 
6605 


6606 
6607 
6608 
6609 
6610 


6611 
6612 
6613 
6614 
6615 


3.81763 


3.81770 
3.81776 


3.81796 
3.8 1803 
3.81809 
3.81816 
3.81823 


3.81829 
3.81836 
3.81842 


3.8 18 49 
3.81856 


3.81862 
3.81869 
3.81875 
2.81882 
3.81889 


3.81895 
3.81902 
3.8 1908 
3.81915 
3.81921 


3.81928 


3.81941 
3.81948 
3.81954 


3.81961 
3.8 1968 
3.81974 
| 3.81981 

3.81987 


3.81994 
3.82000 


3.82007 
3.82014 
3.82020 


3.8 2027 
3.82033 
3.82040 


3.82046 


Logar. | 


3.81783 
3.81790 


3 
3 
3 


3.81935 


9 Vo 2 UV) 
. . - 


wy UI UI UI UI 
- . . . 


— 


Logar. 


— 
3.82060 
3.82066 
3.82073 
9 3.82079 


2.8203, 
— 


3.82092 
3.82099 
3.82105 
3.82112 
3.82119 


— — 


82125 
82132 
82138 


3.82145 
3.82151 


3.82158 
3.82164 
3.92171 
3.82173 
2.82184 


Y 


8 


3.82053 
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A Table of Logarithms, 


. 
— 


N. 


6706 
6707 
6708 
6709 
6710 


6711 
0712 
6713 
0714 
6715 
6716 
6717 
6718 
6719 
6720 


6721 
6722 


Log ar. 


3.82546 
3.82653 
2.82659 
3.82666 
3.82672 


3.82679 
3.82585 
3.82692 
3.82598 
3.82705 


* 


3.82711 
3.82718 
3.82724 
3.82730 
382737 


6723 3.8 


0724 
6725 


6726 
5727 
6728 
6729 
6730 
0731 
0732 
0733 


19734 


6735 
6736 
6737 
6738 


073913 


0740 


0741 
0742 


0743] 3 


0744 
0745 
6746 


0747 
6748 


0749 


6750! 


N. 


6751 
6752 
6753 
0754 
5755 


Logar. 


3.82937 
3.82943 


6759 


6761 
0762 


0702 


6766 
6767 
6768 
6769 
6770 


_—_— 


6771 
6772 
0773 
6774 
0775 


16776 


6777 
6778 
6779 
6780 


6783 
6784 


6786 
6787 


6789 


0730 3. T 
675713. 
675813. 


67601 


5764 EL 
676513. 


67813. 
678213. 


6785 4 


6788]3. 


0790 . 


3-83359] 


3-33442| 


A Table of Logarithms. 
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— 


__—_—_— 


4|3-83784 


N. 
6886 
6887 
6888 


6889 
6890 


6891 
6892 
6893 
6894 
0895 


Logar. 


3-32797 


3.83803 


N. 
0931 


6896 
0897 
6898 
5899 
6900 


6901 
6902 
0903 
6904 
6905 
6906 
6907 


6908 | 


2909 
6910 


6911 


691247 : 
691213 
6914/5. 
6915 


691603. 


6917 


6912] 2.8 


6919 
6920 


6921 
6922 


6923042. 
692443. 


6925 
592% 


0927 


5928 
0929 


2 $405 7 


3-83790 [16930] 3-84073 


Logar. 1 


3.3 4086 
3.8 4092 
3.84098 
3.84105 
3.84111 
3.84117 
3.84123 
3.84130 
3.84136 


3.84142 
3.84148 


3.84155 


3.84161 
3.84167 


>| 2.84173 


3.84180 
3.84186 
3.84192 
3.84198 


3.84205 
3.84211 
3.84217 
3.84223 
3.8 4230 


3.84236 
3.84242 
3.84248 
384255 
3.84261 


3.84267 
3.84272 
3.84280 
3.84286 
3.84292 


3.84298 
3-94305 
3.94311 
3.84317 
3.84323 
3.84330 
3.84336 
3-843 42 
3.84349 


3.84354 


3.8 4080 


SUP 


i Hog he . 
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A Table of I ogarithms. 


Logar. | 


— 
3.846 40 
3.8 46 46 
3.84652 
3.84658 
3.84565 


3.84671 
3.84677 
3.84683 
3.8 4689 
3.8 4695 


3.84702 
3.84708 
3.847¹4 
3.84720 
3.24726 


3-347 32 
3-34739 
3-84745 
3.84751 
3-847 57 


3.84797 
3.84770 
3-84776 
3.84782 | 
3.84788 


1 


84794 
3.84800 
3.84807 
3.84813 
3.848 19 
84825 
84831 
3.8487 
3.84844 


5.5485 
3.84862 
3.84868 
3.84874 
3.84880 


3.84887 
3.54293 
3.84899 
3-3 4905 


3.84911 


3.848 C %. 


N. 


7066 
7067 
7068 
7069 
7070 


7071 
7072 
7073 
7074 
7075 


7075 
7077 
7078 


Logar. 


3.84917 
3.84924 
3.849 0 
3.84936 
3.84942 


3.84948 
3.84954 
3.84950 
3.84957 
3.84970 


84979 
2.8493 
3-84991 
2.8 4907 
3.8500 3 


. 85009 
2.85016 
3.85022 
3.8 5028 
3.8 5034 


3.8 5040 
3.85045 
3.85052 
3.85058 
3.3 055 


2.85071 
3.85077 
3.8 5083 
3.85089 


3.85101 
3.85107 
3.85114 
3.85120 
3.85126 


3.85132 
3.85138 
3.85144 
3.85150 
3.85156 


3.85163 
3.85169 
3.85175 
3.85181 
3.85187 


3.85095 | 


[ 


We 
ae er 
7111 
7112 
7113 
7114 
7115 


7116 
7117 
7118 
7119 
7120 


712! 
7122 


712 
7124 
7125 


7120 
7127 
7128 
7129 
7130 


7131 
7132 
7133 
7134 
7135 


71 6 
7127 
718 
7139 
7140 


7141 
7142 
7143 
7144 
7145 


7146 
7147 
7148 
7149 
7150 


7151 
7152 
7153 
7154 
7155 


Log ar. 


3.8519 
3.85199 
3.85205 
3.85211 
2.85217 


3.85224 
3.85220 
3.85235 
3-85242 
2.85243 


85254 
3.85250 
2.985266 
3.85272 
2.85273 


3.85285 
2.85291 
3.85297 
3.85303 
2.85209 


3.85315 
2.85321 
3.85327 
3.85333 
3.85329 


1.35345 
2.85352 
3.85358 
3.85364 
3.8570 


2.85-79 
3.85382 
3.85388 


2.85394 
3.85 400 


3.85400 
3.95412 
3.85418 
3-85425 
3.95421 


3-35437 
3.85443 
3.85449 
385455 


3.85491 
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A Table of Logarithms. : 


Logar «| 


3-85739 
3-35745 
3-85751 
3-85757 
3.85763 


3.85769 
3.85775 
3.85781 
3.8 5788 
3.85794 


3.85800 
3.85806 
3.85812 
3.85818 
3.85824 


3.8 58 30 
3.85836 
3.85842 
3.85848 
3.85854 


3.85860 
3.8 5866 
3.85872 
3.85878 


3.85884 


3.8 5890 
3.85896 
3.85902 
3.85908 
3.85914 
3.85920 
3.85926 
385932 
3.85938 
3.85944 


3.85950 
3.85956 
3.85962 
3.85968 
385974 
3.8 5980 
3.8 5986 
3.85992 
3.85998 


3.86004; 


| 


Wo] 
7246 
7247 
7248 
7249 
7250 


725¹ 


7252 
7253 
7254 
7255 


7256 
7257 
7258 
7259 
7260 


7201 
7262 
7263 
7264 
7265 


7266 
7207 
7208 
7269 
7270 


7271 
7272 
7273 
7274 
7275 


7270 
7277 
7278 
7279 
7280 


7281 
7282 
7283 
7284 
7285 


7287 
7288 


7289 


7290 


7286 


3.86010 
3.86016 
3.86022 
3.86028 
3.86034 


3.86040 
3.86046 
3.86052 
3.86058 
3.86064 


3.86070 
3.86076 
3.86082 
3.86088 
3.86094 


3.89100 
3.86106 
3.86112 
3.36118 
3.86124 


3.86130 
3.85136 
3.86141 
3.86147 
3.80153 


3.86159 
3.86165 
3.86171 
3.86177 
3.36183 


3.80195 
3.86201 
3.86207 
3.86213 


3.86219 
3.86225 
3.86231 
3.86237 
3.86243 


3.86249 
3.86255 
3.86261 
3.86267 


Logar. | 


| 


3.36189 


3.86273 


N. 


7291 
7292 
7293 
7294 
2295 
7296 
7297 
7298 
7299 

7300 


7301 


7302 


7303 
7304 


7305 


7306 
7307 
7308 
7309 
7310 


7311 
7312 
7313 
7314 
7315 


— — — 
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f * 3.97964 5580 3.58768 '95321]3.983721|9677] 3.98574 
9588; 3.981731 9033] 2.98376119678| 2.98575} 
95441 3-97973 || 9589] 3.98177 9343.98 3819579 2.98582 
9545[3-97978 [| 9590| 3.98182[! 9635] 3.98385[[ 9580] 3. 98 589 


95461 3-97982 || 9591 3-98186]; 9036] 3.98 390968 73.98 592 
9547| 3-97987 [19592] 3-981911199371 3.98394] 9582} 2.98597 
9548| 3-97991 [| 9593 3-9819511993813.9839911 9983] 2.9360; 
9549] 3-97996 || 9594! 3.98200[|9939] 3.98 4031| 9584] 3.98605 
95503. 980009595 3.98205||9940] 3.98 408119685] 2.98510 


9551] 3-98005 [|9596] 3.98209||9041] 3.98412 9686] 3.9861 4 
95 52] 3-98009 || 9597] 3-9821 4119542] 2.9841711 9587 3.98619 

31 3-98421|[] 9088] 3.98623 
3119044|3.98426]} 9689] 3.98628 
9555] 3-98023 || 9600] 3.98227[|9945 3. 984309590 3.99652 


9556 3.98028 || 9601 3-98232 9945] 3.98435 9691 3.986371 
95703-98032 9023.98 236%9473.9843995923.985410 
9558] 3.98037 [9603 3.982410 9048] 3.98 444119293] 3.985 46 
95591 3-98041 || 9604] 3.98245|| 9949] 3.98 44811 9994] 2.98650 
9560] 3.98046 [| 9605] 3.982501] 9050] 3.9845 3119995] 3.98655 


9561] 3-98050[|9606[3.98254|| 9951] 3.984571| 9999 3.98559 {8 
3-98 4621] 99971 3.98654 W 
9563] 3498059 9508 3.98 26309653 3.98 4661] 9998} 3.92648 | 
9564] 3-98064 [| 9609] 3.98268[|9654| 3.98471 1| 9099] 3.98673 
9565 3-98069 || 9610 3.98272 9055 3.984751] 9700 3.98677 


9566] 3.98073[9611J3.98 2779656 3.98480 97013.98682 

99571] 3.9848 411 9792] 3.92685 
9058] 2.98489 i[9793j 3.98691 
9959] 2.98492 9794] 3.98695 | 38 
9660 3-98 498 j 94195 | 3.98700 "oh 


9001 3-95 502 9709} 3.98704 
9902] 3.93507 !| 9797} 3.98709 i 
9903] 3.93511 || 9798} 3.98713 fy 
9004] 3.98516!| 9799] 3.9871) - of 
9665 3.98520 [9710 3.98722 | 11 


9003.98 525 9711 3.98726 8 Y: 
9007 3-985291| 972] 3.98731 \ þ 
99681 3.98534 [97131 3-98735 1 
9569 3.98538 [971 43.98 740 
9970] 3-985 43:|9715\ 3.98744 


997113.98547 [9719 3.98749 
9672]3.98552 [9717 3.98753 
9973] 3-98556 [9718 3.98758 
3.98561 [9719 3.98752 
9675 3.98565 9720 3.38767 
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A T able of Logarithmt. 
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9799 
19770 


N. 
9796 


9767 
9798 


Logar. 


E 99105 


| 3-99109 


3.99114 
3.99118 


3.99123 


3.99127 
3.99131 
3.99136 
3.99140 
3-99145 


3.99149 


3.99154 
3.99158 


9 3.99162 
3.99167 


a 4 ” — TOOnY 8 


3.99216 
31399224 

3.99233 
| 3-99238 
1399247 


3.99255 


3.99260 | 
| 3-99264| 


Logar. | 
3.99171 


K 


3.99180 
3.99185 
3.99189 


3.99198 
3.99202 
3.99207 
3.99211 


3.99220 
3.99229 


5.99242 
3.99251 


3.99269 


3.99273 [9979 
' 3.99277 


3.99282 || 9 


3.99286 
399291 
3.99295 
3. 99300 


3.99304 
3.99308 


2.99317 
3.99322 


3-99326 
3-99330 
3.99335 
3.99339 
3.99244 


3.99348 
3.99352 
3.99357 
399361 


3.99176 


3.99193. 


— — - 
: 


1 = - 


3-993131(|9 


3. 99360 


3-993 70 
3-99374 
3.99379 
3.99383 
3.99288 


3.99392 
3.99397 
3.99401 
3.99405 


3.99410 


— 


3-99414 


3.99419 


3.99423 


| 399427 
| 3-99422 


— — as 


3.99430 
3.99441 


3.99445 
3.99449 
3.99454 


3.99458 
3.99403 


3.99407 


3.99471 


13-9947 


| 3-99450 
| 3-99454 


3.99489 


3.99493 
3.99408 


3.99502 


3.99500 
3.99511 
3-99513 
3.99520 
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N. | Logar. | N. | Logar. || N. | Logar. 
9926| 3-99077 || 9951 3-99896 | 
9927| 3-990821|9952 3-99900 | 
9928| 3.99686 [|995 3 3.99904 
9929 3-990911[9954 3.99909 
9930399598995 | 3-99913 
9931] 3-99099 [9956 | 3.99917 
9932 3997049957 3.99922 
99 3313-99708 9958 3-99926 
9934| 3-99712119959 3-99930 
9935] 3-99717 [| 9960 & 3-99935 
9936|3-9972t |{9g51 | 2-99929 | 
9957| 3-99729 [| 9902 3-999 44 
9938] 3-99730[19963 3-999 48 
9939] 3-997341| 9964 | 3-99952 
9940| 3-99729[[9965 3-99957 
9941 | 3-997431| 996 3-99991 
9942] 3-9974711 9967 2-99995 
9943| 3-997521| 9968 3-99970 
9944\ 3-997561| 9969 3-99974 
9945 | 3-99760 11 9970 | 3-99978 
99461 3-99705 || 9971 j 3.99983 
99471 3-99709 9972 3.99878 3-99987 
9948| 3-99774 || 997? 3.99991 
9949 3.99778 || 9974 2.99990 
92513-99673 [99503-99782 || 9975 [3-99891 || 4-00000 
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A Table of Artificial Sines, 


O Degree. 


© 16. ee o u] 


— 
— 


2 SR SOS SD 
One » 


21 


JETS, 
> Vw 0 


Sine. 


O. 00000 
6.46373 
6.76476 
6.94085 
7.00579 


7. 16270 
7.24188 
7. 3088 2 
7. 36682 


7.41797 


7.46373 
7.50512 
7.54291 
7.57707 
7.6098 5 


7.63982 
7.66784 
7.69417 

7.71900 
7 7.42 48 


7.76475 
7.78 594 
7.80615 


7.82545 


— — 
10,00000 


9-99999 


9.99999 [0 
9.999996 


9:99999 
9-99999 


9-99 999] /* 


9-99999 
9-99999 
9-99999 


9-99999 
9-99999 
9-99999 
9-99999 
9-99999 


Tang. | 


/ finite. 

2.53027 
13.23524 
13.05915 
12.93421 


[12.83730 
12. 75812 
12.69118 
2.63318 
12. 58203 


12.53627 
2 [12.49 488 
7-34291j12445709 
7-57707112-42233 
7.009861]12.39014 


9: 99999 
9-99999 
9.99999 


9.99990 


— 2 55 


9.999907. 
9.999997. 
9: 99999 | 1+ 


7.84393 


7.878 70 
7. 9258 
1 om 
7.92012 
7.9408 4 


——— — 


9.99999 


7.86166 9.9 9.99999 


9.99999 
999999 


9. 55509 


| y- 99999 
ic 99998 


Sine. 


7.63982 12.306018 
7.6678 512.3325 
7.69418 12. 30582 
7.71900! 


12. 28106 
7.74248{12.25752 


19.900001 


Secant. 


10.00000 | Infinite. 


10.00000 13.5 3027 59 
13. 23724658 
13.059157 
12.914210 


I 0, 00000 | 


10.00000 
I 0.00000 


10.00000 
I 0.00000 
1 9.00000 
10.00000 
10.00000 


—— —2L—² 


IO. 00000 
I 0. 00000 
I 0, 00000 
I0,00000 
I 0.00000 


I 0.00000 
I'0.0000TL 


10.0000I 
I 9.0900 


| 


AA 1. 


60 


12.83 730 
12.75812 
12.691185 
12.633185 
12. 58203 


55 
55 


12.5 3627 
12. 49 488 
12.45 700 
12.42233 
12. 39015 


12. 36018 
12.33210 
112-3058346 
12.28 fo 42 
1225752 


12.23524 
12.214005 
12.19385 
12. 15606 


— — 


I 0.00001 
Io. o 
19.00001 
10.0900T | 
I0.00001 


12.235253 
12.214006 
12.1938 5038 
12.174553 
12.150607 


12.13833 
12. 12129 
12. 10490 
12.08911 


12.007387 
12.05914 


Tang. 


I' 0,00001 
I ©0,00Q0OTI 
I 0.00001 
I 0.0000 TL 
I 0.00002 
Il'0,.00002 


— — — — 


. 


12.13834 
311344 
12. 104920330 
12.08912|32|Þ 
12.07388| 31] | 
12.05910 


— 


12.121 
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Tangents, and Secants. 


dw 


o Degree. 


9 
408.06 578 
8 

2 


518.00779 


$36 [8.02002 


8.03192 


$18.04350 


8.05478 


8.07650 
8.08697 
8.09718 
8.10717 


8.11693 
8.12647 
8.13581 
8.14495 
8.15391 


8.16268 
8.17128 
8.17971 


8.18 799 
8.196 10 


8.20407 
8.21190 


8.22713 
8.23450 
8.24186 


3.21958 


9.99998 
9.99995 
9.99998 
9.99998 
9.99998 


9.99998 
9.99998 
9.99998 
9.99997 


9.99997 
9-99997 
9-99997 
9.99997 
9.99990 


9.99990 
9.99996 
9.99990 
9.99996 
9.9999 6 


9.99995 
9.99995 
9.99995 
9.99995 
999995 


Sine. 


S 


9.99994 
9.99994 
9.99994 
9.99994 
9.99994 
199993 


Tang. 


7.95510 
7. 96889 
7.98225 
7.99522 
8.00781 
8.02004 
8.03195 
8.04353 


9.9999 08.5481 


8.06581 
8.07653 


8.09722 
8.10720 


8.11696 
8.12651 
8.13585 
8.14500 
8.15395 


8.16273 
8.17133 


8.17976 
8.18804 


8.19616 


8.20413 
8.21195 
8.21964 
8.22720 
8.23462 
8.24192 


1 


7.94086 


8.08700, 


I2.05914 
I2.04490 
I2.03IIT1 
I2.01775 
12.00478 


I1.99219 
I1.97996 
11.96806 
11.95047 
I1.94319 


11.9347 
11. 92347 
1 1.91300 
11. 90278 
11. 89280 


11. 88 304 
11.8 7349 
11.86415 
11.8 5 500 
11. 84605 


[1.83727 
I1.82867 
11.82024 
11.81196 
11. 80384 


11.79587 
I1.78805 
11.78026 
11.77281 
11. 76538 
11.75808 


WAES 21... 3 


Secant. 


10. 00002 
I ©. 00002 
I ©. ©OOO2 
I 0. ©0002 
I 0. ©OOO2 


L0.00002 
10.00002 
10.00003 
I0.00003 
I0.00003 


I0.00003 
10.00003 
I 0.00003 
I0.00003 
I0.00004 


10.00004 
10.00004 
Io. ooo 
10.00004 
10.00004 


I0.00005 
10.00005 
I0.00005 
I0.00005 


I0.00006 
10.00006 
0.00006 
10.00006 
10.00000 
I0.00007 


2 


10. 0005 


12.0596 
12.034492 
12.03113 


12.001777 
12. 00480 


11.99221 


1.97998 
I 1.96808 


11.956 50 


1.94522 


11.93 422 
I1.92350 
I1.91304 
11. 90282 
1 1.89283 


11.88307 
11.87353 
11.864179 
I1.85505 
[1.84609 


11.83732 


[1.82872] 


| 


| 


11.82029 
I1.81202 
11. 80390 


1179593 
11.788111 


11.78042 
11.77287 
11.76544 


11.75815 
Decant. 
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A Table ot Artificial Sines, 


», 


I Degree. 


uIN 


[SSIS ESSE | o lan o 


84 


Sine. 


8.24186 
8.24903 
8.25609 
8.26304 
8.26988 


8.27991 
8.28224 
8.28977 
8.29021 
8.30255 


8.30879 
8.31495 
8.32103 
8.32702 
8.33292 


8.33875 


8.35018 
8.35578 


8.34450 


8.30132 


8.36678 
8.37217 
8.37750 
8.38 276 
8.38 796 


8.39310 
8.39818 


8.40320 
8. 408 16 
8.41207 
8.41792 


—_  ———— .—_— 


9-99993 
19-9999 3 
9-99993 
9.99993 
9.99993 


9.99992 
9.99992 
9.99692 
9.99992 
9.99991 


999991 
999991 
999991 


| Sine. 


—— — 


999990 
9899998 


9.99990 
9.99989 
9.99989 
9.99989 
9.99989 


9.99988 
9.99988 
9.99988 
9.99987 
9.99987 


9.99987 
9.99986 
9-99986 
9-99986 
9-99985 
9.9998 5 


| Tang. 


8.24910 
8.25617 
8.26312 
8.24996 


8.27669 
8.28322 
8.28986 
8.29629 
8.30263 


8.30888 
8.31505 
8.32112 
8.32711 
8.33303 
8.3 3886 
8.34461 
8.3 5029 


8.35590 
8.36142 


8.36689 
8.37229 
8.37792 
8.38289 
8.38809 


8.39323 
8.39832 
8.40334 
8. 408 30 
8.41321 
8.41807 


8.24192 


11.7 5808 
11. 75090 
1174384 
11. 73689 
11. 73004 


11.72331 
11.71668 
11.71014 
1170371 
11.69737 


11.69112 
11.68 495 
11.67888 
11. 67289 
11.66698 


11.66114 


11.655 39 
11.64971 
11.644171 
11.638 57 


11.633111 
11.62771 
11. 62238 
11.61711 
11.61191 


11.60169 
11. 59666 
11. 59170 
11. 586 79 
11.58193 


Tang | 


I1.60677 


Secant. 


10.00007 
10.00007 
I0.00007 
I0.00007 
I 0.00007 


— — — 


10.00008 
0.00008 
I 0.00008 
I0.00009 
I0.00009 


I0.00009 
I 0.00009 
I0.00010 
I0.00010 
I0.00010 


I 0.00010 
IO0.0001I1I 
IO.O000IIT 
10.000111 
10. 00012 


10.000 12 
10.00012 
I0.00012 
I0.00013 


I0.00013 


I0.00013 


10.0001 4 
I 0.0001 4 


10.00014 
I0.00015 
10.0001 5 


11.75875 
11.75098 


11.72339 
11.7167 
11.71023 
11.70379 
I1.09745 


I1.69121 
11.68 50% 
11.6789) 
11.677298 
11.66 708 


——ů ů ů—ð 


11.66125 
11.655750 
I 1.64983 
11.64422 
I 1.63869 


11.63322 
11.062783 


11.61204 


— 


I 1.60690 
I 1.00182 
I 1.59680 


11.580693 


—— — 


| Secant. 


bo 
59 

11.742918 
11.730960 
11. 73012 


11.622500 
11.617243 


11.591847 


11.582080 


85 Degrees. 
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Tangents, and Secants. 


1 Degree. 


bed 
v 
* 


Secant. 
9.9998 5 11.58 193 10.00015|11.58208 
9.99985 11. 57713 10.0001 511.5 7728 
9.99984 I1.57228| 10.00016|II.57254 
619.9998 4 11. 56769 10.00016|11.56784 
9.99984 {8 11. 56304 To. 0001611. 56320 
9.99983 11. 55844 10.0001 711. 55861 
9.99983 11. 55389 To. 0001711. 55 406 
9.99983 11. 54939 T0. 0001711. 54956 
9.99982 11. 54493 T0. 00018 TI. 54511 
929882 11. 54052 To. o0018 II. 54070 
9.99982 11.5 3615 10.000181 11. 53634 
9.99981 11. 53183 T0. 00019 LI. 53202 
9.99981 11. 52755 10.0001911.52774 
9.99981 11. 52331 IO. 00020111. 52350 
9.99980 ITt.5IQ1I |10.00020|II.51931 
9.99980 I1.51495 |10.00020|II.SIS15 
9.99979 11. 5108310. 00021 |[II.5I104 
9.99979 I1.50675 |10.00021 | 11.50696 
9.99979 I1.5027I |10.00021 |11.50292 
9.99978 I1.4987p|10.00022 11. 49892 
9.99978 11. 49473 10. 00022 11. 49496 
9.99977 11. 49080 10. 00023 11. 49103 
9.99977 11. 48690 10. 0002311. 48713 
9.99977 11. 48 304 10. 00024 11.48 327 
9.99970 11.479210 10. 0002411. 47945 
9.99976 11.475 4110. 0002411. 47566 
9.99975 11.47165 To. 002511. 47190 
9.99975 11.460792 To. 0002511. 46817 
9.99974 11. 40422 10. 00026 11. 46448 
9.99974 11. 46055 To. 0026 11. 40081 
9.99974 11. 45692 10.000271. 45718 
Sine. Tang. | Secanr. 


88 Degrees. 


Min. | 0 ww aw] ouieao 


Cl. 
- 
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A Table of Artificial Sines, 


- „% „% „% „„ 


9.99974 
9.99973 
9.99973 

9.99972 
9.99972 


9.999 71 


8.56773 
1.57114 


8.57788 
818.58121 


8.58 779 


6198-59749 


Tang. 


* 4 


8.5430 
8.54669 
8.55027 


8.55734 


8. 56083 
8.56429 


8.57452 


8.58451 


8.59105 
8.59428 


8.60068 
8.60384 
8.60698 


8.6 1009 
8.61319 
8.61625 
8.61931 
8.62234 


8.62535 
8.62834 
8.63131 
8.63426 
8.63718 
8.64009 


8.55382 


| 


11.456092 
1145331 
11.449 73 
11. 44618 
11. 44266 


11.439177 


1.43571 


11.43227 


11. 42886 
11. 425 48 


11. 42212 
11. 41879 


11.415449 
11.41221 


11. 4089 5 


11.405772 
11.402551 
1139932 
11. 39516 
11. 39202 


11. 38991 
11. 38681 
11.38374 
11. 38069 
11.377066 


11.3745 
1.37166 
11.36869 


11.3674 
11. 36282 


11.3599 1 
Tang. 


| 


Secant. 


I0.0002 7 
10.0002 7 
10.0002 7 
I0.00028 
10.00028 


To. ooo 
10.00029 
10.00030 
to. ooo o 
10.00030 


I0.00031 
10.00032 
10.0032 

10.0003 3 
10.00033 


10.0007 4 
10.0003 4 
I0.00035 
I0.00035 
10.00036 


I0.000 36 
I0.0003 7 
I0.00037 
10.00038 
10.00038 


10,00039 
10.,00039 
10.000 40 
1o. ooo 40 
I0.00041 
L0.00041 


| 


IT1.45718 
[T.45358 
IT.45001 
11. 446 46 
11.442955 


11.4394 
I 1.43600 
11.43257 
11.4291 
11.425779 


11.4224 
11.419171 
11.415581 
11.412553 
11. 40928 


11. 4000) 
I 1.40255 
1.39997 
I1.39551 
11. 29338 


11. 39027 
11.38718 
11. 38411 
11.3810 
11. 37804 


11.373504 
11.37205 
I 1.360909 
I1.30615 
I1,30322 
11.360932 


— re er EI 


Secant. 


87 Degrees. 


4 
» 
EE 
| 
51 2 
Hh 
1 
— we] 
50 3 
Fx 
#þ 2 
|| 3 
4] 
44 1 
7 
il We, 
42} 
41 3 
301 3 
20} 3 
3 8 
| A A 
? 72 
361þ 3 
35 q 55 
N 
344 8 
5 1 
34 
1 


: 
; 
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3 Tangents, and Sccants. 1 


2 Degrees. 


UN 


| x DIY | | J 
3 Sine. er. Tang. Secant. | 9 
J3 5853965 5.99959 [8-54009[11-35991| 1.00 T1. 30 30 1 
3118.642556 9.99988 8.64298 1 T. 35 702 10. 004211. 3574429 3 
328.645 439.999 588.6458511. 35415 10. 00043 11.354577 28 1 
3308.654827 9.999 578.5487011. 3513010. 00043 11.351732) 1 
3418.65110 e 11. 248 46 10.0004 4 I1.34890| 26 48 


35|8.65391|9-99956 18.65435|11-34565|10.00044|11.34509 |25| io 
36]8.65670[9.99955[8.65715111-34285|10.00045111.34330|24 1 
378.659 48 9.99955 8.659931. 34007 lo. oo 4511. 3405323 J 
38]8.66223[9-9995418.66269[11.33731|10.00045 [11.33777|22 | i 


39|8.66497 9-9995418.66543411-33457 10.00047|11.33503|21 i i 
| 
$ 


408.66 759 9.99953 |8.66816]T1.33184{10.00047[11.33231|20 By 
41 |8.67039|9-99952 |8.97087[11.32913|10.00948|I1.32961|19 if 
42|8.67308 9-99952 18-607356 I1.32644|10,00048|11.32692|18| 1 
1438.675775 9.99951 8.676241 1.32376 10. 0004911. 3242517 5 
& |44 8.57841|[9.99951 (8.07890]11.32T10|[10.00049 II. 3216016 ö 


1458.68 104 9.99950 8.68 15411. 3 1840 10. 00050 11.318965 
1146 8.6836 79.999 4968479 11.315830 10. 00051J11.31634/14 
1478.686627 9.99949 8.68678 11.313221. 000511131373 013 
1488.688869. 999 48 8.689 38 11.3 106210. 00052011.31114/12 
1498.69 1449. 99948 8.69 160 f. 30804 10. 005311. 30857 


508.69 400 9.99947 8.69453 11. 30547 lo. 00053 T1. 30600 


518.6965 49.999 468.69 70811. 30292 10. 0005411. 30346 
5218.699079. 999 468.6996211. 30038 lo. 00054 II. 30093 
5318.701599. 99945 8.70214 11. 29786 T0. 0005511. 29841 
„48.704099. 99944 8.7046 511. 29535 T0. 00056 11.2959 1 


Iss. 706 589.999 448.7071411. 29286 T0. 00056 11.293420 
1568. 70905 9.99943 8.70962 11. 29038 10. 0005711. 29095 

1 J57]8.711519.99942 8.71208 11.28 792 To. 005811. 28849 
1J58J8.713959.999 428.7145311. 28547 10. 00058 11.2850 
1598.711638 9.99941 [8.71697 11. 28303 |10.00059 11. 28362 
1608.718809, 999 40 8.71940 11. 28000 lo. oo. 28 120 


I Sine. | Tang. | 1 


— 
23 — 


r 


[| %% Oc a00:0 Los 
. 


© 
— 4 
8 
8 
E 
2 
| 

' 

| 

| 

1 


5 „ ay « 2 „„ 2 
— 


E 90 
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1 Tabſe of Artificial Sings, 


| 


22 ad. 


3 — 


hos. S- DB 4 


— emma 


8 1 8 = 
0 


UN 
ai 


9.99940 
9.99940 
[9: 199939 
[?: 99938 

9.99938 


9.99937 
9.52536 
9.99936 

9.99935 
9.99934 


9.99934 
9.99933 
5.99932 
9.99932 


11 


9.99930 
9-99929 
9.99929 
9.99928 
9.99927 


9.99927 
9.99926 
9.99925 
9.99924 
9.99924 


9.99923 
9.99922 
9.99921 
9.99921 
9.99920 
9.99919 
a =] Sine. 


— hn = _ 
Ooun | vw ÞD. 


— * 6 


8 


6211469 | Tang, 


9.999318. 


7 719401 
8.72181 
8.72420 
8.726 59 
8.72896 


8. 73132 
8.73 66/ 
8.73600 
8. 73832 
8.74053 


8.74521 
8.74748 
8.74974 
75199 


[8.75423 
8.75045 
8.75867 
8.70087 
8.76307 


8.79525 


8.76742 
8.76958 


8.77173 


8.77600 
8.77811 
8.78022 
8.78232 
8.78441 


8.74292 


8.77387 


8.78649 


; 
1 . 
x 


_ - —— 


11. 28060 
11.27819 
11.27580 
I1.27341 
11.27104 


11.268068 
11.26634 
11. 26400 
I1.26168 
11.25937 
11. 25708 
11.25479 
11.25252 
11. 25026 
I 1.24801 


11.24577 


1124355 
11.24133 
11.23913 
IT. 23694 


11.23475 
11.23258 
1123042 
11.22827 
11.22613 


I 1.22401 
I1.22189 
11.21978 
11.21768 


11.215 59 


11.21351 
lang. 


= 
I Secant, 


ha 


I0.00060' 
10.0060 


10. o00611 


10.000622 
Io. oo06 5 


10. 0063 
10.0006 4 
I0.00064 
I0.0006 5 
I0.00066 


— — 


I0.00066 
I0.00067 
I0.00068 
I0.0006g9 
I0.00069 


10.00070 
10.00071 
I0.00071I 
I0.00072 
I0.00073 


10.0007 4 
I0.00074 
I0.00075 
0.00076 
I0.00077 


10.00077 
I0.00078 
10.00079 
I0.00080 


I 0.00080: 


I0.0008 t 


I1.28120 


I1.27880 
I1.27641 
I1.2740} 


11.27166 


I1.26931 
I1.26697 
I1.26465 
I1.26233 


11. 26003 


1125774 


11.25 546 
11.25320 


11. 25095 
11.248 70 


11.24647 
11.244255 
11.24205 
11. 23985 
11.237606 


11.235 49 
1123333 
11.23117 
I1.22903 
11.220690 


11. 22478 
11.222607 
11.22057 
11.218 48 
11.216 40 


11.21433 


| Secant. 


86 Degrees. | 


[ 67 ] 


— — 


Tangents, — Secants. 
3 Degrees. 


— 


Tang. | Secant. 


9.99919 8.78649 11.213510 To. 008 111.2143330 
9.999 188.788 5511. 21145 T0. 0008211. 2122629 
9.999 178.7906111. 20939 o. o008 311.2102128 
9.99917 8.79266 T1. 20734 To. 008311. 2081727 
69.999 16 8.79470 11. 20530 10. 00084 11. 2061425 


9.9991 508.7957311. 20327 Lo. 0085 T1. 2040 2ʃ[25 
9.99914 8. 7987511. 20125 Lo. 0086 T1. 2021724 
9.999 138.8007611. 19924 To. 0008 7 II. 2001023 
99.999 138.8027711. 19724 10. 008711. 1981122 M 

9.999 128.8047611. 19524 To. ooo88 1119612021 it 


— 


9.999 118.8067411. 19 326 T0. 0008911. 1941520 | 
9. 999 108.808 72 11.19128|10.00090|II.19218| rg 1 
9.99909|8.81068| 11. 18932 To. oo09 111. 1902218 ö 
9.99909 8.812641 T. 18 736 T0. oo. 1882717 1 
9. 99908 8.81459 11.18 541 10.00092 11.185331 16 'Þ 


9.99907|8.81653|11.18347|10.00094[11.18440[15 
9.9990618.81846|I1.18154|10.00094|11.18248| x4 
9.99905 8.82038 11. 17962 To. 0095 IT. 1805613 


9.9990 48.822300 11. 17770 T0. 000911. 1780612 

9.9990 408.824210 11. 17580 fo. 00096 11. 176760(T1 
[9.99903 8.82610 11. 17390 10. 0009711. 1748710 7 
9.99902 8.827909 11. 17201 10.00098] I1.17299] 9 of 
9.99901 8.829871. 17013 10.00099|II.I7I12]| 8g | 5 
a 9.99900 8.83175 1116825 To. oo 10011. 15925 7 | 
8 9.99899 8.833610 11. 16639 To. 0010111. 10739] 6 1 
N 8.834469. 99898 8.83547 11.164530 10. 0010211. 1655. 17 9 
. 8.836309. 99898 8.83732 11. 16268 2 11.163700 4 1 
2 8.83813 9.95895 8.83916 11.1608 4 10. 0010311. 161871 34 | 
I 8.83996 9.99896 8.84100 11. 15900 10. 0010411. 16004 2 J. 
0 8.84177 [9.99895 [8.84282 11.15 718 10. 0010511. 158234 1 0 
8.84358 9.99894 —— 11.155 36 T0. 0010611. 156421 0 ö 
1 I Sine. [_ Tang. | | Secant. [7 1 
- AE — / Degrees. Fo Ns EINE S | | 
N — — a — _ if 
; 1 


E 2 


—A_— 


U 
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Wa A Table ot Artificial Sines 


4 Degrees. 


5 = 00x On [a ws * 0 IL 


13 


Sine. 


8.84358 
8.84529 
8.84718 
8.84897 
8.85075 


—— 


8.85252 


8.8 5429 
8.8 560 5 
8.8 5780 


8.85995 


8.86128 
8.86201 
8.80474 
8.86817 


8.86987 
8.87157 
8.87325 
8.87494 
8.8 7662 
8.87829 
8.87995 
8.88161 


8.88 326 
8.88 490 


8.88654 
8.88817 


8 88 980 


—— 


Tang. 


8.84464 
8.845 40 
8.8 4826 
8.8 5006 
8.85185 


8.85363 
8.855 40 
8.85717 
8.85892 
8.86069 


ä — ——— —— 


8.86243 
8.86417 
8.86591 
8.86763 
8.86935 


8.87106 
8.87277 
8.87447 
8.87616 
8.87785 


8.87953 
8.88120 
8.88287 
8.884523 
8.88619 


8.88783 


11.15536 
11.15355 
11.151744 


11. 14994 
11. 14815 


11.14637 
11. 14460 
11. 14283 
11.1410) 
11.13931 


1113757 
11.13583 


11. 13 409 
11.13237 
11. 13065 


11. 12894 
11.12723 


11.125533 


1112384 


— —— 


11.1 2047 
IT.11880 
11.11713 
11.11547 
11.11382 


11.11217 
11.11052 
11. 10889 


Secant. 


— — — 


10. o 106 
10. oo 107 


10.00108 


Io. oo 10 


10. 00111 
10.0112 
10.000113 
10.000114 


10.000115 
10.000116 
10.00117 
10.001118 
10. 00119 


10. 00120 
10.000121 
10.00122 
10.000122 
10.00123 


I0.00124 
10.00125 
10.00126 
10.00127 
I0.001 28 


10. 00129 
10. ooĩ 30 
10.0031 


1 O. O01 og 


IO0.00ITIC 


II.15642 
IT.I5401T 
11.15282 
11.1518 
11.14925 


11.114748 


11.145 71 


1114395 
11. 14220 


11.140555 


11.138 72 
11. 13699 
11.135206 


11.13355 
11.13184 


11.13013 
11.128 44 
11.12675 
11.125006 


11.12339 


11.12172 
11. 12005 
11.11839 


1111674 


11.115 10 


11.113 46 


1111183 


* . 


6 1 5 
2 wane, 1 — e The” - V ff >. 
E Fant FC ., - 


CE = » # Ye up ray 


"Xx "344 2 wo % 


wats * ag. 
« pa 3 9 3 
1 


_ 
«a * " = 


11. 108 58 
11.710697 
11. 10536 


— ÜQ— 


8.891 42 11.10726 
8.89304 
30 8.89464 


: 
| "TY 


10. 00132 
7111.105630 TO-OOE33 
1. 10402 10.0134 


—— 


Tang. 


Sccunt. 


8 


| 85 D egress. 


* 
* 3 — . 
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Tangents, and decants. 
4 Degrees. 


Tang. 


ö 


| | 
| Secant. | 


11. 105 36 30 


1 
4 
2 N 
fy — —— 


8.89 59811. 10402 10.001 34 


8.89760 
8.89920 
8.90080 
8.90240 


8.90399 
8.90557 
8.90715 


818.908 72 


8.91029 
8.91185 
8.91340 


8.91495 
8.91650 


8.91803 


8.91957 
8.92110 
8.92262 


8.92414 


618.92565 


3.92716 
8.92866 


2 [3.93016 


8.93165 
8.93213 
8.93452 
3.93009 
8.93757 
8.93903 


1 


8.94195 


11. 06985 
11.0683 5 


11.056391 


1.05951 


Tang. 


IT.10240 
I 1.10080 


I I.09920 
I 1.09760 


I 1.09601 
11.09443 
I1.09285 
I1.09128 
TI.08972 


TI,08815 
I 1.08660 
I1*08505 
11.083551 
11.08 197 


11. 08043 
11. 07890 
11.07738 
11.07586 


11.07435 


I 1.07285 
IT.O7T 34 


11.06244 
I 1.06097 


11.0580; 


11.0668 7| 
11.065 38 


I0.00135 
10. oO 1 36 


10.00137 


10.001 38 


10. 00139 
10. o0 1 40 


10.0014 


10.00 1 42 
10.001 43 


10.001 44 


10. 00145 
10. o0 1 46 
10. 001 47 


10.00 1 48 | 


10.00T 49 
10.001 51 


10.001 52. 


10.000153 


10. 00154 


IO.00155 
I0.00156 
I0.00157 
I0.00158 
IO0,COT 59 


10.00 160 
10.00161 
I0,00162 
0.00103 
I0.00165 
10.00166 


I1.10375 
11.10216 
11. 10057 
11. 09898 


11.09740 
IT.09583 
IT,09426 
I1.092 70 
IT.oQII5 


— 


11. 08960 
II. 8805 
11.086511 
1 1.08 498 
11.08345 


— —Ü— 


11.08 193 
1.08041 
1.07890 
11.077 29 
11.07589 


— — — 


11.07439 
11. 07290 
11.071441 
11.0699 3 
11.098 46 


11.056599 
11.065552 
11.054406 
11. 06250 
11.0611 5 
11.0597 0 


Sccant. 


s 5 Degrees. 


28 
26 
25 
23 


22 
21 


19 
18 


10 


I Min. Fo oo wackoc is 


— 


U—U—U—w— — 


E 3 


29 
27 


24 


20 


70 J 


— — — —— — — — — — 
A Table of Artificial Sines, | 
7 5 Degrees. 
"pp | | 
=] Sine Tang. Secant. 
0 9.99834|8.94195 [1.05805 10. 00166 11.059 70 
11 9.99833 8.943 4011.0 5660 10.001671. 05826 
2 9.9983218.94485 [11.055151 10. 00168 11.05683 
3 9.998318.94630 11.0531 10. 00169 11.05 539 
418 9.998 308.9477311. 05227 To. 00170 11.0539) 
5 9.99829 8.94917 11. 05083 10.001710 11.05254 
6 9.99828 8.95060 11. 04949 10.00172J11.05113 
7 9.998278.95202 11.047900. 00173 | 11.04971 
8 9.99826 8.95344 11.046 56 10.001751 04830 
9 9.99824 8.95486 11.045 14 10. 0017611. 04690 
11018. 9.998231]8.95627] 11.04373|10.00177|11.04550 
1148. 9.998221 8.95767 11.042331 T0. 00178 11.0441 
1218. 9.99821 [8.95908 | 11.04093 | 10.00179 [11.042 72 
13 8.95867 9.99820 8.96047 11.039530. 00180 11.0413 
14|8.96005 9.998 198. 96189 11.038 13 10.0018 111.3995 
15 8.96143 9.99817 8.96325 11.03675|10.00183|[11.03857 
16 8.96280 9.99816 8.96464 11.035 36 10.001841 1. 03 720 
178.9641 79.998175 8.96602 11.03 398 0.00185 [11.03 583 
188.965 539.998 148.96 739 11.0326 1 10.00 18611. 03447 42 
19 8.96689 9.99813 8.968 7711.031230 10.0018 711.0331141 
20 8.96825 9.99812 8.97013 11.02987 10.001888 11.03175 
218.969609.998 108.9715011. 028 50 10.00 19011. 03040 
2208.970959. 99809 [8.97286] 11. 02715 10. 0019111. 02905 
2318. 9.99808 [8.97421|11.02579} 10.00192 | 11.02771. 
1248.973639. 99807 8.97556 11.02444 10.00193|11.02637 
258.97496 9.99806 8.97691 11. 02309] 10.001941. 02 504 
2608.976299. 99804 8.97825 11.021751 10. 00196 11.02371 
2718.977629. 99803 8.97959 11. 02041 10.00157 11.02238 
1288.978949. 99802 8.980920 11. 01908 10. 00198 11.02 106 
2918. 9.99801 8.98225 11.017750. 00199 11.01974 
3018.981579. 99800 8.98358 1101642 10. 00200 11.018 43 
Sine. | Tang. | | S:cant. : 
— — 2 . 
Ky . 84 Degrees. 


D 
Nen ee r 


. k 
x Soy 
. F * 


„ . 


mn. 4 . WT 


* e N o — 


x bs ; 8 * 2 N 1 * r RD * A 
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Tangents, and Secants. 


5 Degprees.. 


Sine, 


8.98157 
8.98288 
8.98419 
8.98549 
8.98679 


8.98808 
8.98937 
8.99066 
8.99194 
8.99322 


8.99450 
8.99577 
8.99704 
8.99830 
3.99956 


9.00082 
9.00207 
9.00332 
9.00456 
9.00581 


[9.00704 


9.00828 
9.00951 


9.01074 
9.01196 


9.01318 
9.01440 
9.01561 
9.01682 
9.01803 


9.01923 


9.99800 
9-99798 
9.99797 
9.99796 
9.99795 


9.99794 
9.99792 
9.99791 
9.99790 
9.99789 


9.99787 
9.99786 
9.99785 
9.99784 
9-99 782 


9.99781 
9.99780 
9.99778 
9.99777 
9.99776 


9.99775 
999773 
9.99772 
9.99771 


9.99759 


9.99708 
9.99707 
9.99705 
9.99704 
9.99703 


9.99701 


Sine. 


Tang. 


8.98358 


8.98622 
8.98753 


8.99275 
8.99405 


8.99791 


9.00301 


9.00805 


— 


I1.01642 
8.98 490|11.01510 
11.01378 
11.0124) 
8. 988841101116 


8.99015 11.0098 5 
8.99145] 11.0085 5 
11.00725 
11. 00596 
8.99534 11. 00466 


8.99662 11.003 38 
I1.00209 
8.99919 I1.00081 


9-000471 10.9995 4 
9.00174 | 10.99826 


10.99699 
9.00427 |10.99573 
9.00553 10. 99447 
9.00679 10. 99321 

I0.99195 


9.00930 | 10.99070 
9.01055 10. 98945 
9.01179 10.98821 
9.01303 10. 9869) 
9.01427 10. 98573 


9.015 50 10.984500 
9.01673 10. 98327 
9.01796 10. 98204 
9.01918 | 10. 98082 
9.02040 10. 97960 
9.02162 10. 97838 


— — — 


Secant. . 


— 


10.00200| I1.018 42 


I0.00202| 11.01712 
10.00202| 11.001581 


I0.00204 
I0.00205 


10.00207 
I0.00208 
10.00209 
Io. oo 10 
10.002112 


10. oO213 
10.000214 
10. oo21 5 
10.00217 
10. 00218 


— — — 


10. oo2 20 
10. oo221 
I0.00222 
10.0022 3 
I0.00224 


I0.00226 
10.00227 
10.00228 
10. oo229 
10.00231 


f Tang. I 


10.00232 
10. 00233 
10.0023 
10.0236 
I0.00237 
I0.00239 


11.01451 
11.01221 


1101192 


10.o1063 


11. 0934 
I 1.00806 


11.006 78 


| —— 

IT.00550 
11. 00423 
11. 00296 
11. 00044 


10. 99918 
I0.99793 
10. 99668 


10.995 44 


10. 99420 
10. 99296 


10. 99172 
10.992049 
10. 98926 
10. 98804 
10. 98682 
10.98 560 
10. 98439 
10. 98318 
10.98 197 
10. 98077 
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A Table of Artificial Sines, 


6 Degrees. 


| | 
Sine, | Tang. 


9.01924 
9.02044 
9.02163 
9.02283 
9.02 402 


10.978 38 
10.97717 
10.975906 
10.974755 
10.97355 


10. 97235 
10.977115 
10. 96995 


9.02162 
9.02283 
9-02 404 
9.02525 
9.026 46 


9. 59767 
9.99760 
9.99759 
9.99757 
9.99756 


9.99755 
9.99753 
9.99752 


—— 
— 


9.02520 


9.02639 
9.02757 


9.02766 
9.02885 
9.03005 


— 


10.0239 


10.002423 


Secant. 


10. 98077 
10.97957 
10.9783) 
10.97718 
10.97598 


10.97 480 
10.97361 
10.972 43 


10.002 40 
10.00241 


10.00244 


10.00245 
10.00247 
10.002 48 


9.02874 
9.02992 


9.03109 
9.03226 
9.03342 
9.03 458 
9.03574 


9.03690 
9.03805 
9.03920 
9.04034 
9.04149 


9.042603 
9.043756 

9.04490 
9.04603 | 
9.04715 
9.04828 
9.04940 
9.05052 
9.05164 


9.05275 
9.05 386 


9.99751 
9.99749 


9.997 48 
9.99747 
9.99745 
9.99744 
9.99743 


9.99741 
9.99740 
9.99738 
9.99737 
9.99736 


9.99734 
9.99733 
9.99731 
9.99730 
9.99729 


9.99727 
9.99720 
9.99724 
9.99723 
9.99 721 
9.99720 


Sine. | 


9-03124 
9.0324? 


9.03361 
9-03479 
9-03597 
9-03714 
9.03832 


9-03949 
9.0406 5 
9.04181 
9.04297 
9-04413 
9.04528 
9.04043 
9.04758 
9.04873 
9.04987 
9.05101 
9.05214 
9.05 328 
9.05441 


9.05554 
9.05666 


A o- ox | > vo, 1. o | una | 
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| 
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10.968 76 
10.96758 


10. 96639 
10. 96521 
10.965403 
10.962865 
10. 95168 


10. 96052 
10.959235 
10.958 19 
10.95 703 
10.9558 


10.95472 
10.95357 
10.95242 
10.95127 
10.95013 


10. 94899 
10. 94786 
10.946702 
10.94559 
10.94447 
10-943 54 


| Tang. 


10.002 49 
10.00251 


I0.00252 
10,00253 
10.0025 5 
10.000256 
10.000258 


10. 002 59 
10.0260 
10.002662 
10.002653 
10.0025 5 


10.00256 
10.0025 7 
10.00259 
10,002 70 


10.00272 


10.002 73 
10.00274 
10.002706 
10.000277 
10. 00279 
10.0280 


10. 97126 
10. 97008 


10. 96891 


10. 90774 
10. 96658 
10.965 42 


10.95 426 


10.96310 
10.90195 
10.99080 
10.95966 
IO. 10.95852 


10.95738 
10.95624 


10.95511 


10.95 397}: 
10.95285 


10.95172 


10. 95000 


10. 94948 
10.94837 
10.94725 
10.04014 
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'Tangents, and Secants. 


— 


Eh 6 Degrees. 

8: Sine. Tang. Secant. . 
309.05 3869.99 720 9. 0566610. 94334 10. 00280 10. 94514430 
319.05 4979.99 7199.05 778 10. 94222 10. 0028210. 9450329 
32 9.05607 9.997179. 05890 10.9411 10.002810. 94393 28 
3319.057177 9.99716 9.06002 10. 9 3998 10.0028 4 10. 9428427 
3409.558279. 99714 9.06113 10.9388 10.0286 10. 9417326 
359. 059379.99713 9.06224 10.937751.0026 710.9405325 
369. 060469. 99711 9.05335 10.9366 510.0028910. 9395424 
3719.061559. 99710 9. 0644510. 9355510. 0029010. 9284523 
3809.062649. 99708 9.06 5 56 10. 93444 10. 0029210. 9373622 
3919.063729. 99 70% . 0566660. 93325 [10.0293 10. 9362821 
40 9.06 4819.997059. 0677510. 9322510. 0029510. 9351920 
4119.065899. 997049. 0088 510.9 3115 10.0029 10.934129 
421 9.06696 9-9970219-0699 4 10.93006 |10.00298]10.93304|18 
339. 068049. 997019. 0710310. 92897 Lo. 00299 10.93 19517 
449.0691119. 996999. 07211 10.927890. 00301 T0. 9308916 
4519.070189. 99698 9.07320] 10. 92580 TO. 0302 To. 9295215 
469.0712419. 99696 9.07428] 10.925 72 Io. 0030410. 92676 [14 
479.0723119. 99695 9.075 36 10. 9246410. 00905 [10.9275913 
489.0733719. 996939. 0754310. 92357 I0. 00307 lo. 9266312 
49 9.07442 9.996921 9. 07751010. 92245 10-00308]10.92558|I1 
509.075 489. 99690 9.078 58 10. 92142 10.005 1010. 92452110 
519.0765319. 99689 9.07964 10. 92036 10.003111 10.923479 
52 9.077589. 996879. 08071 10.9 1929 IO. 00313 10.922421 8 
5319-07863] 9.99686 9.08177 10.9182 [10.0031410.92137ʃ7 
9.07968 9.9968 49.0828 3 10.917170. 0031610. 92032 6 
9.080729. 99683 9.08 389 10.916111 10.003170. 91928 5 
9.08 1769. 9968 19.08 495 10.9 1505 To. 00319 10.918241 4 
9.08280 9.996809. 08600 10. 91400 10. 00320 10. 91720 3 
9.08 383 9.996 78 9.02705 10.91293| 10.00322|192.91617h 2 
9.08 486 9.996 779.088 10 10.911901 To. 00323 10.915141 
9.08 589 9.996759. 08914 10.9 1085 fo. 00325 10.914110 
dine. | Tang. | Secaur. £ 
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A Table of Artificial Sines, 


7 Degrees. 
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11 
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Sine. 

9.08 589 
9.08692 
9.08 795 
9.08897 
9.08999 


9.09101 
9.09202 
9-09 304 
9-09 405 
9.09500 


9.09606 
9.09707 
9.09807 


9.09907 
9. 10006 


9.10106 
9.10205 
9.10304 
9.10403 
9.10501 


9.10599 
9.10697 
9.10795 
9.10893 


9.10990 


9.11087 


9.11184 


9.11281 


9.11377 
911474 
9.11570 


—  —— 


| 
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9.99675 


9.99672 
9.99670 
9.99669 


9-99607 
9.99666 


9.99663 
9.99661 


9.99655 
9.99653 


99651 


9 
9 
9 
9 
9 


sine. 


9.99674 


9.99664 


9.99659 
9.99658 
9.99656 


996 50 
996 48 
990 47 
-990 44 
9.9960 43 
9-990 42 
9-990 40 
9.99938 
9.99637 


9.99635 
9.99634 
9.9932 
9.99630 
9.99629 
9.99627 


Tang. 
9.0891 
9.09019 
9.09123 
9.09227 
29330 


909434 
9.09537 
9.096 40 
9-09 740 


9-099 47 
9.10049 
9.10150 
9.10252 


910353 


9.10454 
9.10355 
9.10656 
9.10756 
9.10856 


9.10956 
9.11056 


9.11155 


9.11353 


911452 
9.11551 
9.11649 


9.11845 
9-11943 


9.09845 


9.11254 


911747 


— — — 


10.9 1086 
10. 90981 
10. 90877 


I0.90773 
10.906 70 


10.90566 
10.9046 3 
10.90360 
to. 90258 
10. 90155 


—ͤ —é— — 


10.9003 
10.89951 
10.89850 
10.897 48 
10.896 47 


10.895 46 
10.89445 
10.89344 
I10.89244 
I0.89144 


10. 89044 
10.88944 
10.88845 
10.887 45 
10.880 47 


10.885 48 
10. 88 449 
10.88351 
10.88253 
10.881155 
10. 88057 


Tang. 


Fecant. 


10. 00325 


10. 00327 


10. 00328 
10.003 30 
10.00331 


10.0033 
10.003 34 
10.00336 
10.003 38 
10.00339 


10.003 41 
10.003 42 
10. 00344 
10.003 45 
10.00347 


10.00349 
10.00350 
I0.00352 
I0.00353 
I0.00355 


10.00357 
10.003 58 
10.00360 
I0.00362 
10.00363 


I0.00365 


10.00367 
I0.00368 
10.003 70 
10.003 72 
IO 00273 


10.903940 
10.901930 


10.892073 
10.891070 AU 


10.91 411 60 
10.912055 
10.911035) 
10.910011 56 


10.908995 
10.907985 
10. 906965 
10. 9059555 
10. 904945 


10. 90940 


10.900944 


10. 8999 4% 


10.8989 40% 
10. 89979 
10.89690}4; 
10,89598]4: 
10.89 4994 


10.89 401 
10.89 20900 


10. 890 to 


—— — — 4 


10.889133 


10.888 10301 8 
10.837190 


10.885233 
10.88 5 20031 


10.88 43030 
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Tangents, and Secants. 


Sine. 


———ů— NH 


9.11570 
9.11666 


9.11761 
9.11857 


9.12047 
9.12142 
9.12236 
9.12331 
9.12425 


9.12519 


141 9.12613 
142 9.12706 
9.12799 


9.12893 


9.13078 
9.13171 
9.13263 
9-13355 


9.13447 
9.13539 
9.13630 
9.13722 
9.13813 


9.13904 
913994 
9.1408 5 
9.14175 
9.14266 
9.14356 


— _—_———_— 


9.119529. 99620 


9.12985 


— — 


7 Degree „ 


— 
9.99627 
9.99625 
9.99024 
9.99622 


9-99619 
9-99617 
9-99615 
9-99613 
9.99612 


9.99010 
9.99608 
9.99607 
9.99695 
9.99603 


9.99602 


9.99600 | 


9.99598 
9.99596 
9.99595 


9.99593 
9.99591 
9.99589 
9.99588 
9.99586 


9.99584 
9.99582 
9.99581 
9.99579 
9.99577 
9.99575 


{ 


Tang. 


911943 
9.12040 
9.12138 
9.12235 
9.12332 


CY 


9.12428 
9.12525 
9.12620 
9.12717 
9.12813 


9.12909 
9.13004 
9-13099 
9.13194 
9.13289 


— — 


913384 


9.13478 


9.13573 
9.13667 
9.13761 


913854 
9.13948 
9.14041 
9.14134 
9.14227 


9.14320 
9.14412 
9.14504 
9-14597 
9.14689 
9.14780 


Sine. 


| 


—— —— ——— — —— — — 
— 


— 
10. 88057 
10. 8 7960 
10. 87862 
10.8 7765 
10.8 7668 


10.875 72 
10.8 7475 
10.8 73 79 
10.8 7283 
10.87187 


10.8 7091 
10. 86996 
10.865901 


10. 86806 


10.86711 


10.866 16 
10. 86522 
10. 86427 
10. 86333 
10. 86240 


10. 86146 
10.8605 2 
10.859 59 
10.8 5866 
10.85773 


10.8 5680 
10.85 588 
10. 8 5496 
10,85 403 
10.85312 
10.8 5220 


Tang. 


Secant. 


——ů— —ĩ 


10.003 73 
10.003755 
10.000377 
10.003 78 
10.0380 


10. 00382 
10.00383 
10.0038 5 
10.00387 
10.0388 


I0.00390 
I0.00392 


10.00393 
10. 00395 
10.0039 


10. oo 399 
10.00 400 
10.00 402 
10. 0 404 
10.0405 


10.00 407 
10.00409 
10.00411 
10.00412 
10.003414 


10. 00416 
10.00 418 
10.00 419 
10.00 421 
10.00 423 
10.0425 


10. 88239 


10. 86645 


10. 88430 
10.88334 


10.88 143 
10. 88048 


— __ 


10.8 7953 


10.878 58 


10.8 7764 
10. 8 7669 


10.875757 


10.8 7481 
10.8 7388 
10.8 7295 
10.8 7201 
10.8 7108 


— 


10.8 7015 
10. 86922 
10. 86829 
10.86737 


10. 86553 
10.8646 1 
10.86 370 
10. 86278 
10.86187 


10. 86096 
10. 86005 
10.8 5915 
10.8 5825 


10 


10.85734 
10.85645 
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A Table of Artificial Sines, 
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9.14256 
9.14445 
9.14535 
9.14624 
9.14714 
9.14803 
9.14892 
9. 14980 
9.15069 
9.15157 


9.15245 
9.15333 
9.15421 
9.15508 
9.15596 


9.15683 
9.15770 
9.15857 
9.15944 


— H 


9.16203 


Sine. 


9.16030 
9.16116 


9.16289 


9.16374 
9.16 460 


9.10545 
9.16631 
9.16716 
9.16801 
9.16886 


9.16970 


— — 


| 
——— CC 


9.99575 
9.995 74 
9.99572 
9.99570 
9.9956 


9.99566 
9.99565 
9.99563 
9.99551 
9.99559 


9.99557 
9.99556 
9.99554 
9.99552 
9.99550 


9.99548 
9.99545 
9.99545 
999543 
999541 


9.9939 
9.99537 
9.99535 
9:99533 
999532 
9.909530 
9.99525 
9.99526 
9.99524 
9.99522 
9.99520 


| Sine. 


81|9-15145 


Tang 


9 14780 
9.14872 
9.14963 
9.15054 


9.15236 
9.15327 
9.I54T7 
9.15508 
9.15598 


9.15689 
9.15778 
7 
9.13957 
9.16046 


KIOF3S! 
9.16224 
9.16312 
9.16401 
9.16489 


9.16665 


9.10753 
9.16850 
9*19928 


9.17016 
9.17103 
9.17190 
9.17277 
9.17303 
9.17450 


| 


9.16577 


10.85220 
10.85128 
10.85037 
10.8 49 46 
r0.84855 


10.8476 4 
10. 84673 
10.8 4583 
10.8 4492 
10.8 4402 


10.84312 
10.8 4223 
10.84133 
10.8 4044 


10. 83954 


10.8 3865 
10.837706 
10.8 3688 


10.8 3599 
10. 83511 


10. 8 3423 
10.833355 
10.8324 
10.83159 
10.8 3072 


10. 92984 
10.828 97 
10. 8 28 10 
10.82723 
10.82637 
10.325 50 


lang. 


— —— 


| 


I0.00425 
10.00427 
10.00428 
10.00430 
I0.004 22 


I0.00434 
10.0043 5 
I0.00437 
I0.00439 


10.00443 
10.0445 
10. 00446 
10.00 448 


1088452 
10. 00454 
1o.o045 5 
10.00 457 
10. 00459 


10.004061 
10.0046 3 
10.0045 5 
10.0046 7 
10.00468 


10.004 70 
10.004 72 
10.004 74 
10.00470 
10.00478 
10.00 480 


| 


Secanr. 


I0.00441T 


10.0450 


— — 


10.8 5645 
10.8555 
10.8 5465 
10.8 5376 
10.8 5286 


10.8519) 
10.85 109 
Io. 8 5020 
10. 84931 
10.8 4843 


— ern At eg amo 


10.84755 
10.8 4667 


0.8 4579 
10.3 4492 
I0.84404 


L0.84317 
10.8 42 30 
10.8 4143 
10. 84057 
10.8 3970 


10.8 3884 


10.83712 
10.8 3626 
10.8 35 40 


— — 


10.8 3455 
10.833609 
10.8 3284 
10.8 3199 
10. 83114 


10. 8 3030 
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59.159709. 9952009. 17450 10.8 25 50 lo. oo 8 10.8 3030 
109.1705 59.995189. 17536 10.8246 4 10. 00482 10. 82945 
329. 17139 9.99 5179.176220 10.823 78 10.00484] 10.8 2861 
3319.172239. 995159. 17708 10. 82292 10. 00485 10.8277 
E4JY. 17207 9.995 139.1779410. 82206 10. 00487 10. 82693 


359. 173919. 995119. 17880 10.82 1200 10. 00489 10. 82609 
9.174749. 995099. 17966 10. 82035 To. 0491 10.825 26 
9.17558 9.995078 10.8 1949 T0. 00493 10.82442 
9. 176419, 9950518136 10.8 1864 fo. 00495 10.823 59 
9% 17/249. 99503 9.18221 10.8179 0.00497 10.822765 


0 

: 

8 

Þ9 
o. 178079. 99 509.1830610. 8 1694 10.00 499 10.82193 

5 

2 

: 

4 

5 

6 


9.17890 9.9999. 18391 10.8 1609 10.00501| 10.82111 
9.17973 9.994979, 18475 [0.81525 0.0050 | 10.82027 
918055 9.99496 9.18 560 10.8 1440 10.00505|10.81949 
918137 9.994949. 18644 10.8 1356 10. 00507 10.811863 


9182209. 994929. 18728 10.8 1272 lo. 00508 fo. 8 1780 
9.18302 9.99 4909. 18812 0.81188 T0. 005 10 10.8 1698 
79.183831 9.99 488 9418896 10.8 1104 10.005121 10.81617 
9.18 4659.994869. 18979 10.8 1021 10.005141 10.811535 
9.185 479.9948 49. 19063 10. 80937 To. 005 161 0.81453 
9.18628 9.99482 9,1914610. 80854 10.005 18 T0.8 1372 10 
9.18 7099.994809. 19229 10. 80771 To. 0520 10. 81291 
918 7909.994789. 19312 10. 80688 10.005221 10.8 1210 
9.188 7109.994769. 19395 10. 8060510. o05 24 0.81129 
9.18952 9.99474 9.19478 [10.805 22 10.005 26 10.8 1048 
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9-19113|9:9947-| 919643 [10.80357}10.00530[10.80887 
9.19193 999468 9.19725 T0. 80275 10.005 321 10.80807 
9.19273 9.99466 9.19807 10. 80193 To. 00534 10.80727 
9.19353 9.994649. 1988910. 80111 To. 0530 10.806 47 
9.19433 9.99462 9.19971 |10.80029 | 10.005380. 80567 
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Sine. 


” | 


9-19433 
9.I9513 
9.19593 
9.19672 
9.19751 


9.198 30 
9.19909 
9.19988 
9.20067 
9.20145 


9.20223 
9.20302 
9.20380 
9.20458 
9.20535 


9.20613 
9.20691 
9.20768 


9.20845 
9.20922 


| 9-20999 


9.21076 
9.21153 
9.21229 
9.21306 


9.21382 
9.21458 
9.21534 
9.21610 
9.21685 
9.21761 


— — 


2 a. —__ _— — — 


e 
9.99462 
9.99460 
9.99458 
9.99456 
9.99454 


9.99452 
9.99450 
9.99448 
9.99446 
9.99444 


9.99442 
9.99440 
9.99438 
9.99436 
9.99434 


9.99432 
9.99430 
9.99427 
9.99425 
9.99423 


9.99421 
9.99419 
9.99417 
9.99415 
9.99413 


9799411 
9.99409 
9.99407 
9.99405 
9499402 
9,99 400 


Tang, 
9.19971 
9.20053 
9.20135 
9.20216 
9.20297 


9.20378 
9˙20459 
9.205 40 
9.20621 
9.20701 


9.20782 
9.20862 
9. 209 42 
9.21022 
9.21102 


9.21182 
9.21261 
9.21341 
9.21420 
9-21 499 


9.21578 
9.21057 
9.21736 
9.21814 


9.21893 


9.21971 
9.22049 
9.22127 
9.22205 
9.22283 
9.22361 


o 


Sine. 


— —ñ——j—tĩꝛr x —— — — 


9 Degrees, 


10.8002 

10.79947 
10. 79866 
10. 79784 
10. 79 703 


10. 79622 


10.795541 
10. 79460 


10. 79379 


10. 79299 


10. 79218 
10. 79138 
10. 79058 
10. 78978 
10. 78898 


10. 78819 
10. 78 739 
10. 78660 
10. 78580 
10. 78 501 


10.78 422 
10.783 43 
10. 78264 
10.78 186 
10. 78107 


10. 78029 


10. 77951 


10.778 73 
10.77795 
10.777717 
10.7739 


| Tang. 


| 


| 


Secanr. 


10.00 538 
I0.005 40 


10. 005 42 


10.005 44 
I0.005 46 


— — ͥ ̃ — 


10.00 5 48 
10. o05 50 
10.005 52 
10.005554 


I0.00556 


I0.00558 
10.00 560 
10.00 562 
10.00 564 
10.00 566 


10. o0 568 


10.000571 
10.005772 
10.000575 


10. 00577 


10.005 79 
10.00 581 
10. 00583 
10.00 585 
10.00 587 


10.00 589 


10. 00 591 


10. 00593 
10. 00596 
10.0 598 
10.00600 


10.78924 


10.78618 


” 2 


10.8056 


10. 80 488 5 


10. 80 409 
10. 80328 


10.802 49 


T0.801 70 
10.80091 


10.800 1253 


10. 79933 
10. 79855 


10.7977 
10. 79698 


10. 79 200 


10.795542 
10. 79403 


10. 79387 
10. 79309 
10.79232 
10.7915 
10. 79078 


10. 79001 


10. 78847 
10. 78771 


10. 78695 


— —— 


10.78 542 
10. 78 460 
10.7839 
10. 78315 
10. 78239 


— 


Secan!. 


_—% 


80 Degrees. 


oy - - * : „„ IK © kh V — —B . = 
O 9 ou 2 001 © 


3 1 


L 79] 


— th. —. — a 
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TLTangents, and Secants. | 
9 Degrees 


| j ng | 1 Seca. „ 


—ͤ— —— 


9.99 4009.223611 10. 77639 10. 00600 10. 78239 
41 9.99398 9.22438 10.77562 10. 00602 10.78 16429 
32 9.21912 9. 99396 9.22516 10. 77484 10. 00604 10. 7808828 
339.2198 79.993940 9.22593 10. 77407 fo. oo 60610. 7801327 
A 9.993920 9.22670] 10.77330|10.00608|10.77938 | 26 


9.99390 9.22747] 10.77253 [10.00610|10.77863 
9.99388] 9.22824] 10. 7717610. 00613 10. 77789 
9.99385 9.22901 10. 7709910. 00615 10. 77714 | 
9.99382] 9.22977 | 10.77023|10.00617|10.77039 | 22] 
9.99381 9.23054 10.769 46 10. 00619 10.776521 


9.22509 | 9.99379] 9.23131] 10.76870|10.00621|10.77491 

41. 9.99377 9.23207 10. 76794 T0. 0062310. 77417 
9.99375 9.23283] 10. 7671710. 00625 10. 7734318 
9.99373] 9.23359 10. 76641 10. 00628 10. 77209 
9.993709. 2343510. 76 566 [To. 006 30 10. 7719516 


— — 


9.99368 9.23510 10.760490 10.006 32 10. 77122 15 
9.22952 9.993669.23586 10. 76414 T0. 0063410. 77048 


14 
9.23025 9.99364 9.23661 10. 76339 To. 0063610. 7697513 
9.23098 9.99362 9.23737 10. 7626310. 006 38 10. 76902124 
; 9.99359 9.23812 10.76 188 [10.00641 10. 7682911 
9.23244 9.99357 9.23887 10.611310. 0064310. 7675610 
9.23317 9.993559.23962 10. 7603810. 0645 10.766834 gf 
9.23390 9.99353 9.24037 10.759630. 00647 10. 76610 8 
3.23463 9.993 519.2411210. 7588810. 0064910. 76538 7 
1.23535 9.90 3489.241787 10. 7581410. 006 52 10. 76465 6 
1 5 19-23007 9.99346 9.24261 [10.75 73910. 00654 10.763930 5 
6.23680 9.99344 9.24335 10. 75665 [10.00656 10. 7% 21 4 
9.23752 9.993 429.2441010. 75 590 fo. oo6 58 10. 76249 3 
9.23824 9.993 409.2448 410.7551610. 00660 10.760177 2 
9.23895 9.99337 9.24558 10. 7544210. 00663 10. 76105 x 
2 923967 9.99335 9.24632 10. 7536810. 00665 10. 760334 of 
% —— 225 | Sine. Hi | | Tang. 1 Tant pa. 
—| 8 
80 Degrees. | | — 
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A Table of Artificial Sines, | 


10 2 


10 


I ww ow [> w De 0 "UIIN ] 


Sine. 


924039 
9.24110 
9.24181 


9.24253 


924324 
924395 
9.24466 
9.24536 


9.24678 
9.24748 
9.24818 
9.24888 
9.24958 
9.25028 
9.25098 
9.25168 
9.25237 


9.25307 


9.25370 
9.25445 
9.25514 
9.25583 
9.25652 


9.25721 
9.25790 
9.25858 
9.25927 


925995 
9.25003 


9.22967 


9.24607 


111%? | Tang. 


— — — 


9.99335 
9.99333 
9.99331 
9.99328 
9.99326 


999324 
9˙ 99322 
999320 
9.99317 
2.292317 


9.99313 
9.99310 
9.99308 
9.99306 


9.99304 


9.99301 
999299 
9-99297 
9-99294 


9-99292 


9.99290 
9.99288 
9.99285 
9.99283 
9.99281 


9.99278 
9.99276 


9.992749 


9.99271 
9.992 70 
9.99267 


dine. 


9.24632 


9.24706 
9.24779 
9.2485 

9.2492 

9.25000 
9.25073 
9.25146 
9.25219 
9.25292 


9.25365 
9.23437 
9.25510 
9.25582 
9.25055 


9.25799 
9.25871 
9.25943 


9.26086 
9.26158 
9.26229 
9-26301 
9.26372 


9.20443 
9.20514 
26585 
9. 26656 
9.26726 
9.20797 


925727 


9.26015 


— - — — 


10.75294 
IO, 75221 
0.75147} 


10.75074 


10.75000 
10.74927, 
10.74854| 
10.74781 


10. 74708 


10. 74635 
10. 74563 
10. 74490 
10. 74418 
10. 74345 


10.74273 
10.7420 
10. 74129 
10. 74057 


10. 72985 


10.73914 


10.738 42 


10.737717 
10. 73700 
10. 73628 


10.73 557 
10. 73486 
10.734715 
10. 73345 
10.732744 
10.73203 


Tang. 


1 Secant. 
| 


10. 00665 


| 10.0066 7 
| 10.00669 


I0.00672 


I0.0067 4 


I0.00676 
10.006 78 
10.0068 1 
10.00683 
I0.00685 


10.0068 7 


10.00690 
I0.00692 
10.00694 
10.00696 


10.00699 
I0.007JOI 
10.00703 
10.00706 
10.00708 


10.007I10 


I0.00713 


10.007I5 
10.007I7 


10. 0719 


10.00722 
10.000724 
10. 00726 
10.00 729 
10.0073 


|10.00733 


— k — 


10. 75961'; 
10. 75890 


10.756705. 
10. 75609 
10.75534 
10.75 464 


10.775393 


10.75 323 
10.75252 
10.75182 
10.751112 
10. 75042 


10. 74902 
10.747063 


10.740624 
10.7457 
10. 74486 
10.7447 


10.74348] ll 


Ce EE oe ee ee Er —_—_— 


I0.74279 


10.74210 


10.741 42, 
10. 74073 
10. 74005, 
10473937]: 


—— EAI 


— 


| Sccant. 


6 


| 79 Degrees. 


10.74972|,. 


10.746934 


10. 76033 bo 


0 


10. 75819 % 
10.75 747 


56 


35 
44 


10.74832|,.\ | 
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Tangents, and Secants. 


10 Degrees. 


= Sine. 
— 


9.25053 
9.25131 
9.20199 
4 29267 


2 
9.26470 
9.25538 
9.26505 
9.26672 


9.20739 
9.26807 
9.26873 
9.25940 
9.27007 


9.27074 
9.27140 
9.27205 
9.27273 


9.27339 


9.27405 
9427471 
9427537 


9.27502 


9.27668 


927734 
9. 27799 
9.27864 
9.27930 
9.27995 
9.28060 


k 


| 


9-99257 
9-9920 4 
9.99202 
9.99260 
9-99257 


9.99255 
9.99253 
9.992 50 
9.99248 
9.99245 


9.99243 
9.99241 
9.99238 
9.99236 


9.99234 


999231 
9.99229 
9.99225 
9-99224 
9.99221 


9-99219 
9-99217 
9-99214 
299212 
9.99209 


9.99207 
9.99204 
9-99202 
9.99200 
9-99197 
9-99195 


Tang. 


9.26797 
9.26867 


9.26938 
9.27008 


9.27078 


9.27148 
9.27218 
9.27288 
9. 27357 
927427 


— L 


9.27496 
9.27566 
927635 
9.27704 
9.27773 


9. 27842 
9. 27911 
9.27980 
9.28049 
9. 28117 


9.28186 
9.28254 
9.28323 
9. 28391 
9.28459 
9.28 527 
9-28595 
9.28662 
928730 
9.28 798 
9.28865 


— 


vine. 


; | 


t 


| 


| 


| 


| 
# 


| 
| 


10.73203 
10.7313 

10. 73 3063 
10. 72992 
I0.72922 


10.72852 
I0.72782 
IO.72712 
I0.72043 


10. 72573 


10.72504 
10. 72434 
10. 72365 
10. 72295 


10.7222) 


10. 72158 


10. 72020 
10.71951 
10. 71883 


10.718714 
10.71746 
10. 71678 
10. 71609 
10. 71541 


10.71473 
10 71405 
10. 71338 
10.712 70 


10. 71202 


10. 71135 
lang. 


— — 


Sccant. 


— q —u— 


10.0733 


3 [10.007 36 
10.007328 


10.007 40 


10.0743 


— Ing 


10.000745 
0.00748 
10.07 50 
10. 0075 
IO, 00755 


I0.00757 
I0.007 59 


17028 
10.0752 


10.0076 4 


19.00767 | 


10.00759 
10.00771 
10.00774 
10. 00776 
10.007 79 


10.0078 1 
10.080783 


10.00 786 


10. 00788 
I0.00791 


o. oo 793 
0.00796 
10.00798 
I9.00800 
10.00803 
I10.00805 


ems. 


I0.73927 
10. 73869 
10. 73801 
10.73733 
10.7366 5 


— Eon 


19.735597 


10. 7350 


10.73462 


19.732595 
10. 73328 


— I 


10.722661 
1823194 
10. 73127 
10.7 2060 


10.7292) 
18. 72860 


19.7294. 


10.72727 
10. 72561 


10. 72595 


10.725 29 
10.7245 3 


10. 72266 
10.772201 
10. 72136 
10. 72070 
10. 72005 
10. 71940 


— — 


79 Degree: 


10. 72398 
10.2332 


10.729934 


| 


Secant. 


10 


22 


| Min. | g .. a 


821 


{ 8 A Table of Artificial Sines, — 
| 11 Degrees. : PE 


Sine. | Tang | Secant. | 


9.28060 | 9.99195 | 9.28865 |10.71125 | 10.00805 |10.71940[49 
9.2812519.99192 | 9.28924 |10.71067 |10.00808 | 10.71875|59 
9.28190[9.99190 | 9.29000 | 10.71000 | 10. 08 10 10.71810];8 
9.28254|[9-99187 9.29067 10. 70933 10.008 13 10.717405) 
9.28319 9.99185 9.29134 10. 70866 10.008 1510. 7168156 


9.2838 49.991182 9.29201 10. 70799 10.008 18 10.716105 
9.28 448 9.99180 9.29268 10. 70732 10. 00820 10. 71552564 
9.28 5 12 9.99177 9.29335 10. 7066510. 00823 10.71 488 |: 
9.28577 9.99175 9.29402 10. 70598 fo. 00825 10.714232 
9.28641 9.99172 9.29468 ee 10.008 28 10. 7135951 


9.28 705 9.99170 9.29535 [To. 70465 10.008 30 10. 7129550 4 
9.28 769 9.99167 9.29601 To. 70399 10.008 3310.712314 
9.28833 9.9916 5 9.29668 10. 70332 To. 00835 10.711678 
9.28896 [9.99162 9.29734 10. 70266 10. 008 38 10.71 104% 
18 14|9.28960 [9.99160 9. 29800 10. 70200 10.008 40| 10. 71040 0 


9.29024 19.991 57 9.29866 10. 70134 T0. 008 43 10. 70976) 
9.29087 [9.99155 9.29932 10. 70068 10.008 45 | To. 70913 44 
9.29150 9.99152 9.29998 10. 70002 10.008 48 | 10. 708 50143 
9-29214|9.99150 9. 30064 10. 699 36 10. ooꝗ 50 10. 70786 [42 
9.29277 9.99147 9.30130 10.698 71 10.008 53 19.7225 4 


9.29340 [9.99145 9.30195 10. 6980510. 008 55 10. 70060 40 
9.29403 9.99142 9.30261 10. 69739 To. o08 58 10. 70597 39 
9.29466 [9.99140 9.30326 10.696 74 10. 00860 fo. 7053455 
9.29529 9.99137 9.30391 1.69609 10. 00863 10. 70471) 
9.29591 [9.99135 . 3045710. 69543 fo. oo86 5 10. 70409 36 


9.296 549.99 132 9.305422 10. 69478 To. 0868 10. 70340 65 
9.29710 [9.99130 9.30587 10.6941 310.008 71 10. 70284560 
9.29779 9.99127 9.30652 10.693 48 10.008 73 10. 7022153 
9.29841 [9.99124 9.30717 10.6928 3 10. o08 7610. 701500 
9.29903 9.99122 9.30782 10. 69218 10. 08 78 fo. 70097 1 
9.29066 9.99119 9.30846 10.6915 4 To. oo88 1 10. 700560 


— —_——_____—_—_— — 1 — ——_———_—_—___— 
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Tangents, and Secants. 


IT Deprees. 


"RO Is 


9.30275 
9.30330 
9.30398 
9.30459 
9.30521 


9.30582 
9.30643 
9.30704 
9.30765 
9.30826 


9.30887 


9-30947 
9.31008 


9.31069 


9.31129 


9.31189 
9.31250 
9.31310 
9-31370 
9-31430 
9.31490 


9.31550 
9.3160 


9.3 1669 
9.31728 


—— äñuPç . 


| 


9.31788 


999119 
9.99117 
9.99114 
9.99112 
9.99109 


9.99106 
9.99104 
9.99101 
9.99099 
9.99096 


9.99093 
9.99091 
9.99088 
9.99086 
9.9908 3 


9.99080 
9-99078 
9-99075 
9.99072 
9.99070 


9.99067 
9.99064 
9.99062 
9.99059 
9.99057 


9.99054 
9.99051 


9419-99049 


9.99046 

9-9 9043 

9-99040 
Sine. 


| | 


Tang. 


9.308 46 
9.30911 
9.30975 
9.31040 

9.31104 


9.31169 
9.31233 
9.31297 
9.31361 
9.31425 


| 9.31489 
9.31552 
9.31616 
9.31680 
9.31743 
9.3 1806: 
9.31870 
9.31933 
| 9.3 1996 
9.32059 


9.32122 
9.32185 
9.32248 
9.32311 
9.32373 


9.32436 
9.32498 
9.32501 
9-32023 
9-32685 
9-32747 


4 


| 


| 


| 


I0.69154 
10. 69089 
10. 69025 
10. 68960 
10. 68896 


— —— — 


10.68832 
10.68 767 
10.68 703 
10. 68639 
10.68 575 


10. 68512 
10.68 448 
10.68 384 


10. 68321 
10.68257 


10.68 194 
10.68 130 
10.6806 
10. 68004 
10.6 7941 


10.678 78 
10.678 15 
10.6772 
10. 6 7689 
10.67627 


10.67564 
10.67502 
10.67439 
10.673377 
10.673515 
10.67253 


| lang. 


Secant. 


10. 00881 
10.0088 2 
10.00886 
10. oo889 
10. oo891 


10. oo 894 
o. oo896 
10. oo8 99 


I0.00901 
I0.00904 


I9.00907 
I0.0090g9 
10.00912 


10.0091 5 


I0.00917 


I0.00920 
10.00922 


I0.00925 
10.00928 
10. 009 30 


10. 00933 
10. 009 36 


10. 00938 
I0.00941 


10.00944 


— — —— 


10.009 46 


10.009 49 
10.009 52 
10.0095 4 
10.00957 
10.0960 


— — — A 


10. 70035 
10.699772 
ro. 69611 
10. 698 49 
10.69787 


10. 69725 
10. 69664 
10. 69602 
10.69 541 
10.69 479 


10.69 418 
1069357 
10. 69296 
10.69235 
10.69174 


10.691173 
10.69053 
10.68992 
10.689 32 
10.08871 


I0.68811 
10.08751 
10.68690 
10.68630 
10.68 5 70 


10.68 5 10 
10.68 451 
10. 68391 
10.68 331 
10.68272 
10.68212 


— — 
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A Table of Artificial Sines, 1 
12 Degrees. 2 


9 


Sine. Tang. Secant. 


| | | —. — Fon OE 
9.21788} 9.990 46 9.22747 10.H72531]10.00960 10. 6821260 
9.31847 9.99038 9.328 10 fo. 7191] ro. 0962 10.681539 
9.319079. 990359. 328 72 10.67129 [10.0096 5 10.5809 3580 
9.319569. 990329. 32933 10.670657 To. oo 810. 68034077 
9.320259. 990309. 32995 fo. 7005 |10.00970|10.67974] 56] | 


9.3208 49.990279. 33057 10.6699 | 10.00973 |10.67916|;55] | # 
9-3214319-99024[9.33119| 10.66881 |10.00976 |10.67857}54| | © 
9-3220219.99022[9.33180| 10.66820]10.00978 | 10.67798| 53] | 
9.3225119.9901919.32242|10.66758|10.00981 |10.67739] 52 
9.32319 9.99016 [9.33303 10.66697 | 10.0098 4 | 1067681] 51 


ee 


* * _— 7 ry * 
S 
Wen — 3 "Is hx xt pO * 


9.32378 9.99013 9.33365 10.6663 5 10. 00987 10.670221 50 
9.3243 7999011 9.33426 10.665574 10. 00989 [10.67563] 49 
9-3249519-99008 9.33487 1.66513 1.099210. 67505 
9.325539. 99005 9.335 48 10.56 452|]10.00995 [10.67447}47] |. 
9.326129. 99003 9.33609} 10.66391 10. 0998 [10.67388| 46] | 


9.325709. 99000 9.3 3670 10.06330]10.01000 [10.673 20] 45 
9.32728] 9.98997 9.33737 10. 66269 Lo. 01003 10.672724 
9.327869 98994 9.33792 10. 66208 10.0 100610. 67214043 
9.32844 9.98992 9.338 53 10.66 147 10-01009 | 10.67156, 42 
9.329029. 98989 9.32913 10.6608 10.010110. 6709804 


209. 32960 9.98986 9.33974 10.0606 10. 01014 10. 070404 
219.330189.98983 9.34034 10.6 5966 10.01017 | 10.699239 
229.3 3075 9.98980 f. 34095 10.65905 | 10.01020 10. 6692538 
12319-33133[9-98978 [9.34155 10.658 45 10.010221 10.668673) 
2409.331909. 98975 [9.34216 10.6578 5 10.0025 | 10.66810} 36 


— — 


259.3 3248 9.989729. 34276 10. 65724 10.0 1028 10.66752135 
|25]9-33305]9-98969 9.34336 10.6566 4 10.0103 1 10.660695 
| 279.333629.98967 9. 34396 10.65604|10.01034 | 10.66638[33 
1 2809.334209. 989649. 34456 10.65 544 10.010361 10.665803 
[ 2919-33477] 9-989911[9.34516}10.65484|10.01029 | 10.66523[31 
'$ 30 9.335349.989 58 9.34576 10.65 425 10.0 1042 10.66 460.20 


4 — — — — — COR © _— 1 
1 0 | | Sine, F laug. Secant. | - | Xx 
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Langents, and Secants. 


Go 12 Degrees. 
1 
= Sine. Tang Sccant. | 
30 9.33534 9-9895819-34576]10.0542510.01042 19.66 466 | 20 
2119-33591 9.98955 9.34635 10.65365 [To. 104 10.665409 29 
3209.336489. 98953 9-3 4095 10.65 305 fo. 0104910. 6635325 
339.33 7049. 989 509.3475510. 524% 10. 01050 10.662927 
349.3376710 9.98947 9.34814 10.65 185 T0. 01053 10.662329 26 
35 9.33818 9.989449. 34874 10.5127 10.010356 10.018325 
369.338 749.9894 9.34933 10.565067 fo. 010590. 56126124 
37 9.33921 9.98938 9.34992 IO. 55008 10.010952 10.566069 23 
389.3398 79.989369. 3505 1 10.649 49 T0. 01064 10.565013 22 
30 9.34043 9.989 33 [9.35111 1064889 fo. 007 10.565957 21 
40 9.341009. 98930 9.35170 10.648 30 10.0 1070 10.5590 20 
4119-34156] 9.989271[9-35229110.64771110-01073} 10.55844 19 
42|9-34212| 9.99924 9.38288 10.010706 Io. 65788 18 
4309-342689. 989 219.3534710. 6454010. 1079 10.657217 
9.34224 9.98919 9-35 405 10.564595. 01081 10.55 — 15 
45 9.34380 9.989169. 35454 10.45 360.0108. 10.655620 15 
9.344369. 98913 9.35523 10.644780. 0 1087 Io. 63565 14 
9.344919. 989109. 3558110. 64419 |10.01090] 10.65509 wp, 
9.3454) 9.98907[9-35040|10.64350|10.01093] 10.6453 12 
9.34602 9.98904 9.35698 10.64302 10.1096 10. 65398 11 
9-34638|9.98901 9.35757 |10-64243 1661099 10:65342 10 
9.34713 9.98899 9.35815 [10.4185 10.01102/ 10.652879 
9.34759 9.98896 9.358 7310.641270. 01 104 10.652318 
9.348249. 98893 9.3593 T 10.406910. 01107 10.651765 
9.348 79 9.98890 9.35989 10.640111. 01110 10.651211 6 
9.349 49.988879. 3604710. 53953 10.011131 10. 65066 oo 
9.34939 9.988849. 36105 [10.63895 {10.01116] I0.55011 4 
9-35044|9.98881 [9.35163110.53837 |10.01119| 10.64956 3 
9.35099 [9.98378 [9.30221|10.63779 |10.01122| 10.649012 
9.351541[9.98875 |9. 30279 10.63721 {I0.01125] 10.64845| x 
9.35209 [9.98872 [9.3 6336 10.6366 10.001128 10.647911 O 
dine. Tang. | Sccant. 2 
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A Table of Artificial Sines, 


13 Degree 5. 


Sine. 


*uIN 


9.35209 
9.35204 
9.35318 
9.35373 
9.35427 


— — — 


9.35482 
9.35536 
9.35590 
9-35044 
9.35698 


9.35752 
9.35806 
9.35860 
9.35914 
9.35968 
9.30022 |9 
9.30075 
1719-30129 
9.30182 
9.36236 


9.36289 
936342 
936395 
9.36449 
9.36502 


936555 
9.36608 
9.36660 
9.30713 
9.36796 
9.30819 


— 


do We ow. | aw e 


I2 


Tang. 


9.30336 
9.36394 
9.36452 
9.36509 
9.36566 


9.36624 
9.36681 
9.30738 
9.36795 
9.30852 


9-36909 
9.36966 
937023 
9.37080 
9.27137 


9.37193 
9.37250 
9.37306 
9.37363 
9.37419 


9.37470 
9-37532 
9.37588 
9-370 44 
9.37700 


9-37756 
9.37812 
9-3 7868 
9-51924 
9.37980 
937035 


| 


10.6 3664 
10.6 3606 
10.635 48 


10.63491 
10.63434 


10.563376 
10.63319 
10.63262 
10.63205 
10.631 48 


10.6 309 T 
10.03034 
10.02977 
10. 02920 
10.62863 


10. 62807 
10. 62750 
10.6269 4 
10.62637 
10.62581 


10.62524 
10.02 468 
10.62412 
10.623 56 
10.62 300 


10.62244 
10.62188 
10.62132 
10.620 76 
10. 62020 
10.61965 


| Tang. 


Secant. 


10.001128 
10.001131 
10.001133 
10.01 136 


10.01142 
10.001145 
10.001148 
10.01151 


10.01157 


10.01163 
10.0 1166 
o. 01169 


10.01172 
10.01175 
10.01178 
10.011181 


10.001193 


10.001205 


10.01211 


I0.01139 


IO.OIT5 4 


10.01 160 


IO.O1184 
I0.01187 
10.01 190 
10.011906 
10.01199 


10.01202 
10.0 1208 


10.01214 
10.01217 


ö 


| 


4 


10.647910 
10.647379 
10.6 4682] ;8 
10.646275) 


10.647356 


10.645195 
10.446450 
10.6 4410530 
10.643 5652 
10.6 43020 50 


10.642 4850 
10.5419 40% 
10.6 41 40 
10. 64086 % 
10.6 4032140 


10.3970 
10.3925 
10.93871]4} 
10.03818| 42 
10.63 764/41 


10.637110 
10.636589 
10.636053 
10. 63552037 
10. 63 49830 


— —1— 


10.634430 
10.6339334 
10.6 334033 
100.6328732 
10 93234051 
10. 6318220 


— — 


| Secant. | 


76 Degrees. 


* 


— 


[ 


873 


Tangents, and Secants. 


13 Degrees. 


Sine. 


9.30819 


9-3692 
9.36976 
937029 


9.37081 
9.37133 
9.37185 
9.37237 


9437341 
9.37393 
9.37445 
9.37497 
9.37549 


9.37000 
9-37052 
9.37704 
9.37755 
9.37806 


9.37858 
9-37909 
9-37960 
9.38011 
9.38062 


9.38113 
9.38164 


9.38216 


9.38266 


9.38317 
9.38368 


9.36871 


9.37289 


9.98783 
9.98780 


49.98777 


9.9874 
9.98771 
9.98 708 
9.98765 
9.98 762, 
9-98759 
9.98756 


9.98753 
9.98750 
9.98747 
9.98743 
9.98740 


9.98727 
9-98734 
9.98731 
9.98728 
9.98725 


9.98 722 
9-98719 
9.98716 
9.98712 
9.98709 


9.98706 
9.98703 
9.98 700 
9.98697 
9.98694 
9.98090 


Sine. 


Tang. 


9.38035 
9.38091 
9.38147 
9. 38202 
9.38258 


A 


8313 
8368 
8423 
$479 
38534 


9.38589 
9.38044 
9.38699 


9.38754 
9.38808 


9.38863 | 
9.38918 
9.38972 
9.39027 
9.39082 


9.39136 
9.39190 
9.39245 
9.39299 
9.39353 


9.39407 
9.39401 
9.39515 
9.39569 
9.39923 
9.39077 


9-3 
9˙3 
9•3 
9˙3 
9˙3 


| 


10.61965 
10.6 1909 
I0.61853 
10.61798 
10.01743 


10.61687 
10.61632 
10.61577 
10.61521 
10. 61466 


10.614711 
10.613 56 
I0.01301 
10.601245 
10.61192 


0.01137 
10.01082 
10.01028 
10.60973 


I0.00919 


10.00864 
10.608 10 
10. 60755 
10.6070 
10.606 45 


10.600593 
10.0539 
10.6048 5 
10.60431 
10.60377 
10.0323 


| Tang. 


Secant. 


10.01217 
10.0 1220 
10.01223 
10.001226 


10. 01229 


10.01232 
10.012355 
10.001238 
10.01241 


10.01244 


10.01247 
10.01250 
10.01254 
10.01257 
10.01260 


I0.01263 
10.01266 
10.001269 


10.01272 


10.01275 


10.01278 
10.012811 
10.0128 5 
10.01288 
10.01291 


10.01294 
10.001297 
10.0130 


10.01303 


10.01 306 
10. 01310 


10.663182 
10. 63129 
10.630706 
10.63024 
10.62972 


10.02919 
10.02867 
10.6281 5 
10.62763 
10.627111 


10.626 59 
10.62607 
10.625555 
10.662503 
10.62451 


10. 62400 
10.623 48 
10.62297 
10.62245 
10.621944 


10.62142 


10. 62040 
10.61989 
10. 61938 


10.61887 
10.61836 
10.01785 
0.01734 
10.01683 


| 10.0163 2 


Secant. 


10. 62091 


76 Degrees. 


10 


3 COWS 


22 3 —— — 
„ 


ö Min. o vw. 


F 4 


e 
„ꝙ)/ÿ —ü—P— ͤ—— 


— — — 
* — — _ == » - 
2 . OA TD a EE oem ———_ __— 
CS — * = i = 
——— - 0 


„ 


[ 88 ] 


A Table ot Artificial Sines, 


I4 Degrees. 


© 00 — ess 0 AN 


11 
12 
13 


Sine. 


9.38308 
9.28418 
9.28 459 
9.38519 
9.38570 
9.38920 
9.38070 
9.38721 
9.35771 
9.28821 


——— 


4 


10 9.38871 


9.38921 
9.38971 
9.39021 


149.29071 


15 
16 
17 
18 


9.39121 
9.39220 
9.29270 


[1949-9319 


9.29309 
9.39418 
9.29467 
939517 
9.79509 


9.39564 
9.39715 
9.29702 
9.20811 
9.29890 


| 


9.39915 


9.98590 
9.98687 
9.98684 
9.98681 
9.98678 


9.98675 
9.98671 
9.98668 
9.9800 5 
9.98962 


9.98659 
9.98950 
9.98652 
9.98949 
9.986 46 


9-980 43 
9.98940 
9.98636 
9.93033 
9.98630 


9.98627 
9.93623 
9.98020 
9.98517 
9.98914 
9.93610 
9.99907 
9.98604 
9.98001 
9.98597 
9-93594 


9.39892 


Sine. 


Tang. 


9.39977 
9.3973 Y 
9.39785 
9.39838 


9.39946 
939999 
9.40052 
9.40106 
940159 
9.40212 
9.40266 
9.40319 
9-403 72 
940425 


9.40478 
940531 
9.40584! 
9.400 36 
9.40689 


9.40742 
9.40795 
9.40847 
9. 4090 
940952 


9˙ 410053 
9.41057 
9.41109 
9.41162 
9.41214 
9.41256 


10.60323 
10. 60269 
10.602715 
10.60162 
10. 60108 


10. 60055 


10. 60001 
10. 59948 


10. 59894 
10. 59841 


10. 59788 
10. 59724 
10.590581 
10. 59628 


10.595735 


10. 59522 
10. 59469 
10. 59410 
10.593654 
10. 59311 


10. 59258 
10. 59206 
10.591523 
10. 59100 


10. 59048 


10. 58996 
10. 58943 
10. 58891 
10. 588 39 
10. 58786 


10.58 734 


Tang. 


_ 


I0.01406 


Secant. 


IO9.01310 
10.01313 
10.013 16 
10.013 19 
10.01322 


10.013255 
10.01 329 
10.01332 
10.01335 
10.011328 


10.01341 
10.01345 
10.013 48 
10.013517 
10.01354 


10.01357 
10.001361 
10. 01364 
10.01367 
10.01 370 


10.013732 
10.01377 
10.01 380 
10.001383 
10.012386 


10.01390 
10.01393 
10.013906 
1001299 
10.01 403 


10.6163 


10.61582 
10.61531 
10.61481 
10. 61430 


10. 61380 
10.613 30 
10.661279 
10.61229 
10.61179 


10.61129 
10.6107 
10.6 1029 
10.609 79 
10.0929 


10.608 79 
10. 60830 
10. 60780 
10.60731 
10. 60681 


10.60632 


10.60 582 


10.605330 
10. 60483 


10. 60434 


10.6038 
10. 60336 
10.0287 
10.60238 
10. 60189 
10.601 40 


Secant. 


75 Degrees. 
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F EE ee PE At 3 on a 1 - 


4 angeiits, and dSecants. 


14 Degrees. 


9.39860 
9.39909 
9.39958 
9.40006 
9.40055 


9.40104 
9.40152 
9.40201 
9.402 49 
9.40297 


9.40394 
9.40442 
9.40490 
9.40538 


9.40586 
9.40534 
9.40682 
9.407:0 
| 9+40778 


9.40825 
9.40873 
9.40921 
9.40908 
9.40016 


9.41063 
9.41111 
9.41158 
9.41205 
941252 
9.41300 


—ů———3ů3ßs—iE ͥ ͤ2ͤͥñ— 


9-49346: 


9.98594 
9.98591 
9.98 588 
9.98584 
9 98581 


9.98578 
9.98575 
9.98571 
9.98 568 
9.98565 


9.98561 
9.98558 
9.98555 
9.98551 
9.98548 


9.98545 
9.98541 
9.98538 
9.98535 
9.98531 


9.98528 
9.98525 
9.98521 
9.98518 
9.98515 


9.986119.42552 
9.98508 
9.98505 
9.98501 
9-98 498 ,9-42755 
9.98494 9.42805 


dine. 


| 


9.422 46 


Tang. 


9.41266 
9.41318 
9.41370 
9.41422 
9.41474 


9.41525 
9.41578 
9.41629 
9.41681 
941733 


9.41784 
9.41836 
9.41887 
9.41939 
9-41990 


9.4204 
9-42093 
9-421 44 
9.42195 


9-42297 
9-42248 
9-42399 
9.42450 
9.42501 


9.42603 
9.42053 
9.42704 


10. 58682 


10.58 578 


— . — 


— — 


— — 


10.5 7499 


— — 


10.587324 
10. 58630 


10. 58526 


10. 58474 
10. 58423 
10.58371 
10. 58319 
10. 58267 


—— — 


10. 58216 
10.58164 
10. 58113 
10. 58061 
10. 58010 


10.5 7959 
10. 5 7907 
10.5 78 56 
10. 5 7805 
I0. 7754 


10.5 7703 
10.5 7652 
10. 57601 


10.5 7550 


10.5 7448 
I0.57397 
I0.57347 
10.5 7296 
10.5 7245 
10. 57195 


Tang. 


Secant. 


10.01 406 
10. 01409 
10.01412 
10.001416 
1001419 


10.01422 
10.01 426 
10.01 429 
10.01432 


10.01435 


10. 01439 
10.01442 
10.001445 


10.01 449 
10.01452 


10.01455 
10.01459 
10.01 462 
10.0 1465 
10.01 469 


10.01 472 
10.001475 
I0.01479 
0.01482 
10.01485 


10. 01 489 
10.01 492 
10. 01496 
10.01 499 
10. 01502 
10.01 506 


10. 60140 


Io. 60091 
10. 60043 


10.599944 
10. 59945 


10. 59897 
10. 598 48 
10. 59800 
TO. 59751 
10. 59703 


——ñkññ1ͤ88— 


10. 59655 
10. 59606 
10. 59558 
10. 59510 
10. 59462 


10.594174 
10. 59366 
10. 59318 
10. 59270 
10. 59222 


10.591755 
10. 59127 
10. 59079 
10. 59032 
10. 58984 


10.5893) 
10. 58889 


10. 588 42 
10. 58 795 
10. 58 748 


10. 58 700 


| Jecant. 


75 Degrees. 


— 


. 00S 


10 
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* 


Min. 
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190 ] 


A Table of Artificial Sines, 


_ 15 Deprees. 


*UIIN 


IO 


Sine, 


9.41300 
941347 
941394 
941441 
9.41488 


— nn 


9.41535 


9.41582 
9.41628 
9.41675 
9.41722 


9.41768 
9.41815 
9.41862 
9.41908 
941954 
9.42001 
942047 
9.42093 


9.42140 


9.42186 


9.42232 
9.42278 
942324 
9.42370 


9.42416 


9.42462 
9.42507 
9.42553 
9.42599 
9-420 44 
9-42590 


L 


9.98 494 


9.98491 
9.98 488 
9.9848 4 
9.98481 


9-98 477 
9-98 474 
9.98471 
9-98 467 


9.9846419-43258 


9.98 460 
9-98 457 
9-98454 
9.98450 
9-98 447 


9-98 443 
9-98 440 
9-98436 
9-98433 
9.98 429 


9.98 426 
9.98 422 
9-98419 
9.98416 
9.98412 


9.93409 
9.98405 
9.98 402 
9.98398 
9.98395 
9.98391 


dine. 


| 


| Tang. 


I0.57I95 
10.57144 
10. 5 7094 
10. 57043 
10. 56993 


10. 56943 
10. 56893 


10. 56842 
10. 56792 
10. 56742 


10. 56692 
10. 56642 
10. 56592 
10. 56542 
10. 56492 


10. 56442 
10. 56393 
10. 56343 
10. 56293 
10. 56244 


9.42805 
9.428 56 
9.42906 
9-42957 
9.43007 


9.43057 
9.43108 
9.43158 
9.43208 


9-43308 
9.43350 
9-43 408 
9.43458 
9.43508 


9.43558 
9.43607 
9.43657 
9.43707 
9.43756 
9.43806 
943855 
9.43905 
943954 
9.44004 


9-44053 
9.44102 
9.44151 
9.44201 
9.44250 
9.44299 


| | Tang. 


10. 56194 
10. 56145 
10. 56095 
10. 56046 
10. 5 5996 


— 
0.55947 
10. 5 5898 
10. 5 58 49 
10. 55799 


10. 55750 
10. 5 5701 


10.01 506 
10.01509 
1o.o1 512 
10.015116 
10.1519 


10.01523 
10.01 526 
10.015 29 
10.01533 
10.01536 


10.015 40 
10.01 543 
1001547 
10.015 50 
10.015553 


10.011557 
10.01 560 
10.01 564 
10.01 567 


10.015771 


10.015744 
10.01 578 
10.015581 
10.0158 5 


10.01 588 | 


I0.01592 
10.01595 
10.01 599 
10.001602 
10.016057 
10.01609 


| 
| 


Secant. 
[ 


——ů—3—ů * — 


10. 58 700 
10. 58653 
10. 58606 


10.585 59 
10. 58512 


10. 58 465 
10. 58 419 
10. 58372 
10. 58325 
10. 58 278 


10. 58232 
10. 58185 
10. 58 139 
10. 58092 
10. 58046 


10. 5 7999 
10. 57953 


10. 57907 0 


10. 57861 
10. 57814 


10. 57708 
10. 57722 
10. 5 7670 


10. 57630]; 
10. 575843 


10.57539 
10. 57493 


10. 5744733 


10. 57401 
10.5 7356 
10.5 7310 


—— rn en 


| Sccant. 


74 Degrees. 


— 
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: | S208 Tangents, and Secants. 5 1 
4 | 3 15 Degrees. | 0 
112 VV es Fx | 
$ =| Sine, Tang. | Secant. 


—_ 


net 4h * 
a” - — 
Bodo Ze 
— 


309.420 9.983919. 44299 10.55 700 10. 01609 10. 57310030 
1J319.42735[9.98388 9.44348 10. 5 5652 fo. 01612 10. 57265 29 
1329.427819. 983849. 44397 10. 55603 10. 01616 10. 5721928 
1339-428 269.9838 19. 44446 10. 55 554 10.01620 10.57174]27 
34|9-42872[9-98377[9-44495|10.55505| 10.016230 10.57128| 26 


3519-4291719-98374[9-44544[10.55457|10.01627]10.57083|25 
3619-42962 9.98370[9.44592 I[0'55408|10.01630] 10.57038 24 
3743008 9.98 3669. 44541 10. 553 50 10.016340. 56993123 

389.4305 39.983639. 44690 10. 553 10 10. 01637 10. 5694722 
3909.430989. 98359 9.44738 10. 55262 10.016 4110. 5690221 


—— —— — 


9.43143/9.983 569.4478710. 55213 10. 01644010. 568 57 20 
419.43 1889.983529. 44836 10. 55164 10.016481 T0. 568 12 
42943233 9.983499. 44884 10.55 116 10.016 51110. 5676718 
4319-4327519-98345[9.44933] 10. 55067 10.0165 f 10. 5672217 
44943323 9.983 429. 4498 1 10.5 5019 10.016 58 0.56677 16 * 


= [45]9-43368[9.98338[9.45029] 10. 54971 10.01662]10.56633 5 
| = [49]9-43412[9.98335[9.45078|10.54922|10.01666| 10.56588 
1 1 9-4345719-9833119.45126|10.54874 15 88 8.0 13 3 
| $1419-43502[9.9832719.45174|10.54826| 10.016 74 10. 56498 12 1 
| s | 
: 


— — 
— 


— — 2 
— — 
— 

- 

= — > — * 


_ 


2 — —— 
— — 
. — —̃ — — 
2 — 
8 
— = 8 


— 
\© 


N 
- _ 8 —— 


e c EE TCO 
3 * . * „ * 5 * . 


9-43540[9.98324[9.45223]10.54778] 10.016 76 10.56454| x1 


y 
= 15219-4359119.9832019.45271|10.54729| 10.01680l 10. 56 409 10 ; 
| $15219-4363519.9831719.45319|10.54681| 10.0168] 10.56365 

7 9-43680 9.98313 9.45367 10. 54633 T0. 0168 7 10. 56 320 
433 9˙43724.98309 9.45415 T0. 54585 fo. 01691 10. 56276 
6 154/9437599. 98 306.9. 45463 10.5453) 10. 0169410. 56231 


— 


9438139. 98 3029. 455 110 10. 54489 1.01698 10.5618) 
34 9.43857 9.98299 9.45559 10. 54441 10.01701 10. 56143 
1 43907 [9.98295 9. 45606 10. 54394 10. 01 705 10. 56099 
2 #15*19-43946[9-98291 [9.45654|10.54346| 10.01 709 10. 56054 
33 8 

10 


me _ 8 


9.43990 9.98288 9.45 702 10. 54298 10.017120 10. 56010 
EIS» 9.98284. 45750 10.5 4250 10.01716|10.55966 


« — —  — 


Sine, | DE 


»„* — — 


1 | 


| Min. | o a S 0 
| —— 


2 74 Degrees. 
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| 


A Table of Artificial Sines, 


16 Deprees. 


— 


Sine. 


9.44034 
9.44078 
9.44122 
9.44166 
9.44210 


9.44254 
9.44297 
9.44341 
9.44385 
9.44428 


9.44472 
9.44510 
9.44559 
9.44903 
9.44646 


9.44689 
944733 
9.44776 
9.44819 
9.44862 


9.44905 
9.449 49 
9.44992 
9.45035 
9.45078 


9.45120 
9.45163 
9.45200 
9.45249 
9.42292 
9.45334 


„ an | ae 2-0. ON 


IO 


*] 


9.98229 
9.98226 
9.98222 
9.98218 
9.98215 
9.98211 
9-95207 
9.98204 
9.98200 
9.98190 


9.98192 
9.98189 
9.98185 


Tang. 


9.45750 
9.45797 
9.45845 
9.45893 
9.45940 


9.45988 
9.45035 
9.46082 
9.45130 
9.45177 


9.45224 
9.45271 
9.46319 
9.46306 
9.49413 


9.40 450 
9.46507 
9.45554 
9.46601 
9.46648 


9.46695 
9.40741 
9.40 788 
9.49335 
9.40881 


9.40928 
9.4595 
9.47021 
9.47068. 
9.47114 
9.47161 


f 


| Secant. 


I0.54250 10. 01716 


10.5 4203 


10.001720 


10. 54155 10.01723 


10. 54108 
10. 5 4000 


10. 54013 10.01734 


10.5395 
10. 53918 
10. 5 3870 
10.5 3823 


10.537756 
10.53729 
10.5 3681 


10.5 3634 


10. 53587 


10.535400 
10.53 493 
10. 53440 
10. 53399 
10.53352 


10. 5 3306 
19.532359 
10.53212 
10.5 3165 


10. 53119 


10.5 3072 
10. 5 3025 
10. 52979 
10. 52932 
10. 52886 


10.528 40 


lang. 


10.01727 


I0.019 30 


10.01738 
o. 01741 
10.01745 


10.0 1749 


10.01752 
10.0 1750 
10.001760 
1001763 


10.017507 


10.017771 
10.01774 
10.01778 
10.01782 
10.01785 


10.01789 
10.01793 
10.0179 
10. 1800 
10.01804 


10.01808 


IO.O0I811 
0.01815 
I0.01819 
10.01823 


I0.01825 


10.54751 


| Secant. 


10.5 5922 
10. 5 5878 


10. 5583405 


10. 5 5 790 


10. 55747 
10. 55703 
10.5 5659 
10. 55615 


10.555 72 
10.55 528 


10. 55485 
10.5544ʃ 
10.5 5398 
1.55354 


10. 55311 
10. 55257 
10. 55224 
10. 55181 
10. 55138 


10. 55095 


10. 540525 


I0.55009 


10.5 4956]: 


10. 54923 
10. 5 4880 


10.5 48372 


1.54794 


10.5 4709 
10. 54500 


— — ian 


73 Degrees. 
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————ů — —᷑—ͤ—H—b—— ũ —ͥ— Q — 


E 


'Vangents, and Secants. 


I WIR 


16 Degrees 


Sine, 


— — — 


9.45334 
9.45377 
9.45419 
9.45492 
9.45 504 


| 


9.45547 
9.45589 
9.45032 
9.45074 
9.45716 


9.45758 
9.45801 
9.45843 
9.45885 
9.45927 


9.45969 
9.46011 
9.40053 
9.46095 
9.46136 


9.46178 
9.46220 
9.46266 
9.46303 
9.40345 
9.46386 
9.46 428 
9.460469 
9.46511 
9-40555 


19-49594| 


1 


| 


Tang. 


9.47161 
9.47207 
9.47253 
9.47300 


9.47346 


9.47392 
9.47438 
9.4748 4 
9.47530 
9.47570 


9.47022 
9.47068 
9.47714 
9.47700 
9.47806 


9.47852 
9.47898 
9.47943 
9.47989 


9.48035 


9.48080 
9.48126 
9.48171 
9.48217 
9.48262 


9.48 308 
9.48353 
9.48398 
9-48 444 
9.48 489 
9.48534 


10. 528 40 
10. 52793 
10. 52747 
10. 52701 
10. 52654 


10. 52608 


10. 52562 


10. 52516 
10. 52470 
10. 52424 


10. 52378 
10. 52332 
10. 52286 
10. 5 2240 
10. 52194 


10. 52148 
10. 52103 
10.52057 
10. 52011 
10. 5 1966 


10. 51920 
10. 51874 
10. 51829 
10. 51783 
10.517328 


10.1693 
10.5 1647 
10. 51602 
10.5 1557 
10.515711 
10.5 1466 


Tang. 


| 


Secant, 


— ——— 


10.01826 
10.018 30 
10.0183 4 
10.013 38 
IO.OISAL 


10.01845 


10.018 49 
10.001853 
10.018 56 
10.01860 


10.018644 


10.01868 
10.018 72 
10.01875 
10.018 79 


10.01883 
10.01887 
10.01891 
10.01894 
10.01898 


10. 01902 
10. 01906 
10.019110 
10.019173 


10.001917 


10.01921 
10.0195 
10. 01929 
10. 01933 


10.01937 
10. 01940 


10. 5 4666 
10. 5 4623 
10. 54581 
10. 54538 
10. 54496 


10.5 4453 
10. 54411 
10.5 4368 
10. 5 4326 


10.5 4284 


10. 54242 


10. 54199 


10. 54157 
10. 54115 
10.5 4073 


10. 54031 
10. 5 3989 
10.53947 


10. 5 3905 
10. 53864 


10. 53822 
10.5 3780 
10. 53738 
10.5 3697 
10.5 3655 


10. 53614 


10.53572 
10. 53531 
10. 53489 


10. 5 3448 


10. 5 3407 
3 


10 


Min. o m 0 00\O 


— — — 


173 Degrees. 


* 


[ 
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A Table of Artificial Sines, 


9.98060 
9.98056 
9.98052 
9.98048 
9.98044 


9.98040 
9.98036 
9.98033 
9.98029 
9.98025 
9.98021 
9.98017 
9.98013 
9.98009 
9.98005 
9.98001 
9-97997 
9.97993 
9.97990 
9-97986 


9.97982 
9.97978 


9-97970 
9.97966 
9-97902 
9.97958 


| Sine. 


9.97974 


9.97954 
9.97950 
9.97946 
9.97942 


17 Degrees. 


Tang. 


948534 
9.48579 
9.48624 
9.48669 
9.48714 


9.48759 
9.48804 
9.43849 
9.43894 
9.48939 


9.4898 4 
9.49029 
9-49073 
9. 49118 
9-49163 


9-49207 
9.49252 
9.49297 
9.49341 
9.49385 


9.49430 
949474 
9.49519 
9-49563 
9-49907 


9.49652 
9.49696 
9.49740 
9-4978 4 
9.49828 
9.49872 


10. 5 1 466 
10.5 1421 
10.5 1376 
10. 51331 
10. 5 1286 


10. 51241 
10. 51196 
10. 51151 
10. 5 1106 
10. 5 1061 


10.5 1016 
10. 50971 
10. 50927 
10. 50882 
10. 50837 


10. 50793 
10. 50 748 
10. 50704 
10. 50659 
10. 50615 
a 


10.50570 
10. 505 26 
10. 50481 
10. 50437 
10. 50393 


10. 503 49 


10. 50304 


10. 50260 
10. 50216 
10. 50172 
10. 50128 


F Tang. 


Secant. 


10.01940 
I0.01944 
10.01948 
10.01952 
I0.01956 


10.01960 
10.0196 4 
10.01968 
10.01971 
1001975 


10.001979 
10.01983 


10.0198 7 
I0.01991 


—— 


10.01995 


I0.01999 
I0.02003 


0.02007 
I0.02011 
I0.02015 


10.02018 
I0.02022 
10.902026 


o. o2030 


| 


10.02038 
10.02042 
19.92046 
10. o20 50 
0.02054 
10. 02058 


10.02034 


10.553407 
10. 53365 
10.53324 
10. 53283 
10. 53242 


10.5 3200 
10. 53159 
10. 53118 


10.5307) 
10. 5 3036 


10. 52995 
10. 5 2955 
10. 52914 
10. 528 73 
10. 52823 


10.5 2791 
10.52751 
10. 52710 
10. 5 2670 
10. 5 2629 


10. 52589 
10.5 2548 
10. 5 2508 
10.524067 
10.52427 


10. 5 2387 
10. 52346 
10. 52300 
10. 5 2206 
10. 52226 
10. 52186 


—— mms] 


| decal. 


— 


= 
— 


72 Degrees. 


— 
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Tangents, and Secanis, 


I7 Degrees. 


cp X 
» 
#1 
—_ 
2 
"$i 
2 
* 
5 1 

3 
4,4 
__ 

* 
27 
+3 * 

** 
} 
* 
wh 
4 
Ps 
oY 
1 5 
Faq 
1 


9.97942 
9.97938 
9.97934 
9.97930 
9.97926 


9.97922 
9.97918 
9.97914 
9.97910 
9.97906 


9.97902 
9.97898 
9.97894 
9-97890 
9.97886 


9.97882 
9.97878 
9.97874 
9.97870 
9.97866 


9.97862 
9.97857 
9.97853 
9.97849 
9.97845 


9.97841 
9.97837 
9.97833 
9.97829 
9.97825 
9.97821 


| 


| 


Tang. 


9-498 72 
9.49916 
9.49960 
9.50004 
9.50048 


9.50092 
9.50136 
9.50180 
9.50224 
9.50267 


9.50311 
9.50355 
9.50398 
9.50442 
9.50485 


9.50529 
9.50572 
9.50616 
9.50659 
9.50703 


9.50740 
9.50789 
9.50833 
9.50876 
9.50919 


9.50962 
9.5 1005 
9.51049 
9.51092 
9.51135 
9.51178 


dine. 


10. 50128 
10. 50084 
10. 50040 
10. 49996 
10. 49952 


10. 49908 
10.4986 4 
10. 49820 
10.49777 
10.49733 


I0.49689 


10.496 45 
10. 49602 
I0.49558 
10. 49515 


10.49471 
10. 49428 
10. 49384 
10.493 41 
10. 49297 


10. 49254 
10. 49211 
10. 49167 
10. 49124 
10. 49081 


| 10.49038 
T0.48995 
I0.48952 
I0. 48908 
I0.48865 
10. 48822 


| Tang. 


10.0215 5 


| 
Secant. 


Io. o20 58 


10.0 2062 
10.2066 
10.2070 
10.0207 4 


10.02078 
10.2082 
10.2086 
I0.02090 
10.02094 


I0.02098 
I0.02102 
I0.02106 
10. 02110 
10.02114 


10.002118 
10.02122 
10.02126 
10. 02130 
10.02 135 


10. 02139 
10.02143 
I0.02147 
IO.O2IFE 


I0.02159 
IO0.02162 
10.02167 
10.002171 
I0.021 75 
10. 02179 


[ 


—ů çt.ä— 


10. 52186 
10. 52146 
10. 52106 
10. 5 2066 
10. 5 2026 


10. 5 1986 
10.5 1946 
10. 5 1906 
10. 51867 
10. 51827 


10. 51787 
10. 5 1748 
10. 5 1708 
10. 51668 
10. 5 1629 


10. 5 1589 
10. 5 15 50 
10. 51511 
10.5 1471 
10. 51432 


10. 51393 
10. 51353 
10. 51314 
10. 51275 
10. 51236 


10. 51197 
10. 51158 
10. 51119 
10. 5 1080 
10. 51041 


* 


72 Degrees, 


— 


_ 
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A Table of Artificial Sines, 


18 Degrees. 


L. 


„ „ : 
e Dee 


TEMES 
op wm O — Ow mn 


1111 
41174 


5 


9.48998 9.97821 
9-4903719-97817 
9.49076|9-97914 
9.49115.| 9.97808 
[9-491 53|9-97904 


1 9-49192 | 9-97900 
[9.49231|9-97790 
949270997792 
9.49308 
9.49347 9.97784 


9.49385 9.97779 
9.49 4249-97775 
949462997771 
9.4950119-97707 
9-495 39|9-97793 


9-49577|9-97759 
9.49615 9-97754 
9.49654 |9-97750 
9.49692 |9-97749 
9.49739|9-97742 


9.49798 9.97738 
9.49800 9.97734 
9.498 44|9-97729 
| 9-4988219-97725 
9.49920 [9-97721 


9.49958 
9-49990 
9-50034|9-97708 
9.59972 [9-97 704 
9.501109- 9770 
9.50158 9.97595 


Sine. 


9.97788 


9.97717 
9.97713 


9.51178 


9.51204 
9.51306 
9.51349 


9.51392 
9.51435 
9.51478! 
9.51520 
9.51563 


9.51606 
9.51648 
9.51691 
9.51734 
9.51770 


9.51819 
9.51861 


9.31903 


9.51988 


9.52031 
9-52073 
9.52115 
9.52157 
9.52200 


9.52242 
9.52284 
9.523209 
9.52368 
9.52410 
9.52452 


Sine. 


— ———— 


10. 48822 
10. 48779 
10. 48737 
10. 48640 
10. 4865 1 


10. 48608 
10. 48 565 
10. 48 522 
10. 48 480 
10. 48 437 


10. 48394 
10. 48352 
10.48 309 
10.482657 
10. 48224 


10. 48181 
10.48 139 
10. 48097 
5110. 48054 
10. 48012 


10.479709 
10.47927 
10.4788 5 
10.478 43 
10.47801 


ä — eta 


10. 47758 
10.477116 
1047074 
10. 47632 
10. 47590 
10.475 48 
—— oo nn 


| Tang. 


Secant. 


— — 


10.02179 
10.02184 
10.02188 
10.02192 
10.02196 


—— cou 


10.022 00 
10.0220 4 
10.02208 
10.02212 
10.0221 7 


—— I Se OC CECEIEEe 


I0.02221 
10.02225 
10. 02229 
10.002233 
10.02237 


—— NM 


10.02241 
10.022 46 
10.02250 
10.02254 
10.02258 


—— 


10.002252 
10.02267 
10.022711 
10.02275 
10.02279 


— ern nn ir ret ene nee 


10.0228 3 
10.02288 
10.02292 
10.02290 
10.02 300 
| 10.02 304 


I0.51002 
10. 50963 
10. 50924 
10. 50885 
10. 508 47 


10. 50807 
10. 50709 
10. 50731 
10. 50692 
10. 50653 


10. 50615 
10.505 76 
10.50538 
10.50500 
10.50461 


10. 50423 
10. 50385 
10. 503 40 
10. 50 308 
10. 50270 


— — 


10. 50232 
10. 50194 
10. 5015 
10. 50118 
10. 50080 


10. 50042 
10. 50004 
10. 49900 
10. 49928 
10. 40890 
10. 498 52 


——|= 


Secant. 


* — 


FREE EE 
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Tangents, and Secants. 


18 Degrees. 


e 


Sine. 


9.501 48 
9.50185 
9.50223 
9.50261 
9.50298 


9.50336 
9.50374 
9.50411 
9.50449 
9.50486 


9.50523 
9.50561 
9.50598 
9.50635 
9.50573 


9.50710 
9.50747 


9.50821 
9.508 59 
9.50896 
9.50933 
9.50970 
9.51007 
9.31043 


9.97696 
9.97691 
9.97687 
9.97683 
9.97679 


9.97075 
9.97970 
9.97666 
9.97562 
9.97657 


9.97053 
9.97949 
9.97045 
9.970 40 
9.97526 


9.97028 


9.50784]9.97023 


9.97619 
9.97615 


9.97610 
9.97606 
9.97602 
9.97597 
9.97593 


9.51080 9.97589 
951117997584 
9.5115419.97580 


9.97570 


— — 


| | 
Tang. 


9.52452 
9.52494 
9.52530 
9.52578 
9.52620 


9.52662 
9.52703 
9.52745 
9.52787 
9.52829 


9.52870 
9.52912. 
9.32934 
9.52096 
9.53037 


9.97632 9.53078 


9.53120: 
9.53161 
9.53202 
9.533244 


9.53285 
9.53327 
9.53368 
9.53 409 
9.53450 


9.53492 
9.53533 
9.53574 
9.53615 
9.53656 
9.53698 


10.475 48 
10. 47500 
10. 47564 
10.47422 
10. 47380 


10. 47339 
10.47297 
10.4725 
10. 47213 
10.471172 


10.47120 
10. 47088 
10˙47047 
10. 47005 
10. 46953 


10. 46922 
10. 46880 
10. 468 39 
10. 46798 
10. 45756 


10.460715 


10. 46672 


10. 46632 
10. 46591 
10. 465 50 


10. 46 500 
10.40 407 
19.40 420 
10.40385 
10.403 44 
10.4620? 


Tang. 


Secant. 


10. 02304 
10. o2 309 
10.002313 
10.02317 
10.02321 


ä — 


10.023250 
10. 02330 
10.002334 
10.02338 
10.02343 


10.02347 
10.02351 
10.023555 
10. 02360 
10.02364 


10.02 308 
I0.02J7? 
0.02377 
I0.0238I 
10.0238; 


— — HN— ͤ D3ü— 


10. 2 390 
10.02394 
10. 02398 
10. 02403 
10.02 407 


10.024111 
10.0246 
10.02420 
10.02424 
10.02 429 
10.0243 2 


— — 


10. 49852 
10. 49815 
10.49777 
10-491 39 
10. 49702 


10. 49664 


10. 49627 24 
23 


10. 49589 


10. 4955222 


10. 49514 


10. 40477 
10. 49439 
10. 49402 
10. 49365 
10. 49327 


10. 49290 
10.49253 
10. 49216 


10. 49179 


10. 49 1 4a 


10. 49104 
10. 49007 


10. 49030 
10. 48994 
10. 48957 
10. 489 20 
10. 48883 
10. 488 46 
10. 48809 


10.48 773 


10. 48 736 


Sccaiit. | 


71 : Degrees. 


30 
29 
| 28 


27 
26 


25 


21 


20 


119 
18 
17 


| 
101 
| 
| 


wu 


Min. o e. Low OD 


n W — * ue. as 


1 At td. ar ttt. Anh. 


8 


S — 8 


880 —_ . 


4981 


| | 5 A Table of Artificial Sines, "YN 
I9 Degrees. 


— 


- 
0 * * «+ — — CIS - 


9.51264 9-97567| 9 53697|10.46303[10.02433|10.48736 60 
9.51301 [9.97563 9.53 73810. 46262 10.0243 710. 48699 59 
9.51338 9.97558 9.53779 | 10.46221 10. 0244210. 48663 |;8 
9.5137419-97554|9-53820|10.46180] 10.024 46 10. «43625 |57 
—.— 9.97550 2 10. 46139 102450 10. 48 58956 


9.51447 9.97545 9.53902 10. 45098 10.0245 5 10.4855 55 
9.51484[9-9754119-53943[10.46057|10.02459[10.48516|;, 
9.51520 9.9753 79.53984 10. 46016 10. 02464 T0. 48 480 5%; 
9.51557 997532 9.54025 10. 45976 10. 02 468 [10.48 442 (5 
9.51593 9.97528 9.54065 10. 45935 10. 02472 10. 48 407 |; 


— 


9.51629 9.97523 9.5 4106 10. 45894 10. 0247710. 4837150 
1119.516669. 975199. 54147 10. 45853 10.0248 110.4833440 
12951702 9. 975159. 54188 10. 45813 10.02 486 10. 48 2984 
1319.517389. 975 109.5 4228 10. 45772 10. 02490 10. 48 26240 
1449.571775 (9.97506 9-5 4269 10. 45731 10.024941 10. 4822040 


1519.518119. 97501 9.5 4309 10. 45691 10. 02499 10. 48 18943 
16 9.518479. 974979. 54350 10. 45650 10. 02503 10.481534 
179.5188 39.974939. 5439110. 45610 10.02 508 10. 48117043 
18 9.519199 97488 9.54431 10. 45 569 10.025 12 10. 480814 
19 9.51955 ˙97484 9.54472 10. 45528 10.025 16 10. 4804541 


— re rein ner > 


20 9.51991 9.97479 9.5 431210. 45 488 10. 02521 10. 48009 40 
1219.520279. 97475 [9.5 455210. 45448 10. 02525 10. 4797339 
229.5 2063 9.97470 9.54593 10. 45407 10.025 3010. 4793738 
23 9.52099 9.97466 9.5 4633 10. 45367 10. 02534 10. 479013) 
249.52135,9746 195467310. 45327 10. 0253910. 4780536 


—— — 


259. 5821719. 9745798471410. 45280 10. 02543 10. 4782935 
26 9.52207 9.97453 [9.54754 10. 45246 10.025 4810. 4779334 
27 9.52242 9.97448 9.54794 10. 4506 10.0255 110. 47758033 
28 9.52278 9.97444 9.54835 10. 45166 10.025561 10. 4772234 
1299.523149. 97439 9.54875 10.45 12510. 0256110. 4708631 
309.523 50 9.97435 9.5 491510. 4508 5 10. 02 56510. 47601039 
| Sine. | Tang. | | Secant. g 
3 2 — 70 Degrees. Aa * 


| | | | 
| E _ Sine. Tang Secant, 
| 

e 

| 


_ 


os 1 e 


[99] 


Tangents, and Secants. 


Sine. | 


9.52350 
9.52385 
9.52421 
9.52456 
9.52492 


9.52528 
9.52563 
9.52598 
9.52634 
9.52669 


9.52705 
9.52740 
9.52775 
9.52811 
9.528 46 
9.52881 
9.52916 
9.52951 
9.52986 
9.53022 


9.53057 
9-3 3092 
9.53127 
9.53161 
9.53196 
9.53231 
9.53266 
9.53301 
9.53336 
9.53370 
9.53405 


| 


9.97435 
9.97420 
9.97426 
9.9742¹ 
9.97417 


9:97412 
9.97408 
9.97403 
9.97299 
9.97394 


9.97390 
9.9785 
9.97381 
9.97370 
997372 


9.97367 
9.97363 
9.97358 
9.97354 
9.97349 


9.97344 
9.97340 
9.97335 
9.97331 
9.97326 


9.97322 
9.97317 
9.973 12 
9.97308 
9.97303 
9.97299 


dine. 


Tang. 


9.54915 
9.54955 
9.54995 
9.55035 
9.3507; 


9.55115 
9.55155 
9.55195 
9.55235 
9.55275 


955315 
9.553355 
9.55395 
9.55434 
9.55474 


9.55514 
9.55554 
9- 55593 
9.55632 
9.5557 


9.55712 
9.55752 
9.55791 
9.55831 
9.55870 


9.55910 
9.55949 
9.55989 
9.56028 
9.56067 
9.56107 


þ 


; 


19 D egress. 


„ RD. RR RES 


— — — 


10. 45085 
10. 45045 
10. 45005 
10.4495 5 
0.44925 


= 


10. 4488 5 


10. 448 45 
10. 44805 
10. 44765 
10.44725 


10. 4468 5 
10. 44045 
10. 44605 
10. 44566 
10. 44526 


10. 44486 


10. 44446 
10. 44407 
10. 44307 
10. 44327 


10. 44288 
10. 442 48 
10. 44209 
10. 44169 
10. 441 30 


10. 44090 
10. 44051 
10. 44012 
10.43972 
10.4393? 
10. 43895 


p— — — in 


Secant. 


10. 02565 
10.002570 
10.0257 
10. 02579 
10.0258 


10.02587 
10. 02 592 
1002597 
10.2601 
10.026056 


10.002610 
10.0261 5 
10. 02619 
I0.02624 
I0.02628 


10.0263 3 
I0.02637 
I0.026 42 
10.026 47 
IO.02051 


10.02656 
10.026 60 
10.02665 
10.02669 
10.02674 


10.02679 
10.0268 3 
10.026889 
10. 02692 
10.02697 
10.02701 


Tang. 


—— 


10. 47651 
10. 47615 
10. 47 79 


10. 47544 


10. 47508 


10.47473 
10.47437 
10. 47402 
10. 47366 


10.47331 


10. 47295 
10. 47260 


1047225 


10. 47190 


1047154 


10. 47119 
10. 47084 
10. 47049 
10.47014 
10. 46979 


10. 40944 


10. 46909 
10. 46874 


10. 468 39 


10. 46804 
10. 46769 


10.467341 


10. 466 99 
10. 46664 
10. 46630 
10. 46595 


— — —— — 


Secant. 


70 Degrees, 


* 


10 


＋ 
00 


G 2 


| Min. jomwweaul 


— — — — 


— — 


* — D 


4. 


oo J 


| 


D . *UTIN | | 


a 


N Table of Artificial Sines, 


20 Degrees. 


IQ 


—-— 


Sine. 


9.53405 
9-53440 
9-53475 
9.83509 
9.83544 


9.52578 
9.5301 
9.52047 
9.52682 
9.53715 


9.53751 
9.53785 
9.53819 
9.53854 
9.53888 


9.53922 
9-53957 
9.53991 
9.54025 
9.54059 


9.5409 
9.54127 
9.4161 
9.34195 
9.5 4229 


9.54203 
9.54297 
9.534331 
9.54365 
9.54399 
9.54433 


———ͤ—ä4— 
1 


Tang 


9.97299 9.56107 
9.97294 9.5614 
9.97289 9.56185 
9.97285 9.50224 
9.97280 9.56264 


9.97270 9.56303 


9.97271 9.56342 
9.972669. 56381 


9.97262 9.56420 


9.97257 9.56459 


9.97252 9.50498 
9.97248 956537 
9.97242 9.56576 
9.97238 9.56615 
9.97234 9.56554 


9.97229 9.56693 
9.97225 9.56732 
9.97220 [9.50771 
9.97215 9.508 10 
9.97211 9.568 49 


9.97206 9.50887 
9.97201 9.56926 
9.97196 [9.56955 
9.97192 |9.57004 
9.97187 9.57042 


9.97182 [9.57081 
9.97178 9.57120 
9.97173 [9.57158 
9.97168 [9.57197 
9.97104 | 9.57235 
9.97159|9.57274 


Sine, 


10. 43893 
10.4385 4 
10.43818 
10.437706 
10. 43736 


10. 43658 
10. 43619 
10. 43580 
10.435441 


10. 43502 
1843452 
10. 43424 
10. 43385 
10. 433 46 


10.43307 
10. 43268 
10. 43229 
10. 43190 
10. 43151 


10.431713 
| 10.43074 
10. 43035 
10. 42996 
10. 42958 


10. 42919 
10. 42881 
10.428 42 
10. 42803 
10. 42765 
10. 42726 


Tang. 


10. 43697 


Secant. | 


10.02701 
10.027006 
10.032711 
10.02715 
I0.02720 


10.02725 
10.02 729 
10.002734 
10.002738 


10.02743 


10.027 48 
I0.02752 
10.02757 
10.02 7602 
10.02 756 


10.02771 


10.02776 
10.02 780 


10.02785 
10.0 2790 


10.02 794 


10. 02799 
10.02804 


10.02808 
10.02813 


10.028 18 
10.028 22 
10.02827 
10.028 32 
10.028 37 
10.028 41 


— — 


10. 46595 
10. 46 560 
10. 46 526 
10.46 491 
10. 46450 


10.46 422 
10.4638) 
10. 46353 
10. 46318 


10. 402 49 
10. 46215 
10. 46181 
10. 46146 
10. 46112 


| 10.450078 
10. 460 44 


10. 46009 


1045975 
10. 45941 


10. 45907 


10. 45839 
10. 45805 


10.4577! 


10.45737 
10.45703 
10. 45669 
10. 45635 
10. 45601 
10.45 568 


—— ow ener enntnen—nne—_—_ 


Secant. 


10.458 7365 


69 Degrees. 


wa x - "x 2 
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W 
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[101 J 


Tangents, and Secants. 


z20 Degrees. 


Sine. 


9-54433 
9-5 44956; 
9.54500 


9.54567 


9-5 4601 
9.54635 
9.5 4668 
9.54702 
9.54735 


9.54759 
9.5 4802 
9.54836 
9.54859 
9-5 4903 


9.54930 
9.54969 
9.5 5003 
9.55036 
9.5 5069 


9.55102 
9551365 
9.55169 
9.55202 
9.55235 


9.55258 
9.55301 
9.55334 
9-55367 
9.55400 
9.55433 


9.54534 


9-97159 
9.97154 
9.97149 
9.97145 
9.97140 


9.97135 
9.97130 
9.97125 
9.97121 
9.97116 


9.97111 
9.97107 
9.97102 
9.97097 
9.97092 


9.97087 
9.97083 
9.97078 
9.97073 
9.97068 


9.97064 
9.97059 
9.97054 
9.97049 
9.97044 


9.97039 
9.97035 
991082 
9-97025 
9.97020 
9.97015 


BE 


Sine. 


Tang. 


9.57274 
9.57312 
9.57351 
9.57389 
9.57428 


9.57496 
9.57504 
9.57543 
9.57581 
9.57619 


9.57058 
9.57096 
9.57734 
9.57772 
9.57810 


9.578 49 
9.57887 
9.57925 
9.57963 
9.58001 


9.58039 
9.58077 
9.58115 
9.58153 
9.58191 


9.58229 
9.58267 
9.58304 
9.58342 
9.58380 
9.5841 


| 


— — — — 


10. 42726 
10. 42588 
10. 426549 
10. 42611 


10.425 72 


I0. 42524 
I0.42 495 
I0.42457 
I0.42419 
10. 42381 


10. 42342 
10. 42304 
10. 422606 
10. 42228 


10. 42190 


10. 42151 
10. 42113 
10. 42075 
10. 42037 


10. 41999 


10. 41961 
10. 41923 
10.4188 5 
10. 41847 
10. 41809 


10.41771 
10. 41734 
10. 41696 
10. 41658 
10. 41620 
10. 41582 


Tang. 


Secant. 


10.023 41 
10.028 45 
10.02851 
10.028 55 
10.02360 


10.0286 5 
10.028 70 
10.0287 4 
10.028 79 
10.0288 4 


I0.02889 
10.0289} 
10. 02893 
10.02903 
10. 02908 


10.029173 
10. 02917 
10. 02922 
10.2927 
I0.02932 


10.02937 
I0.02941 
10.02946 
I0.02951 
10.02956 


— 


10.029061 
10. 02966 
10. 02970 
10.029753 
10. 02980 
10.0298 5 


10. 45568 
10.4553 4 
10. 45500 
10.45 456 


10. 45433 


10. 45399 
10.4565 
10.453382 
10. 45298 
10.452553 


10. 45231 
10. 45198 
10. 45164 
10.451731 
10.45097 


10. 45064 
10.450317 
10. 44997 
10. 44964 
10. 44931 


10. 44898 
10. 44864 
10. 44831 
10. 44798 
10. 44705 


10. 44732 
10. 44699 
10. 44666 
10.440633 
10. 44600 
10.445867 


—— ———— 


Sccant. 


69 Y egreei. 


Min. g . 00 


alba. 


G 3 


| 


_ 7” OO 


—_— 


—_ CO 


L102 


A Table of Artificial Sines, 


EP 


Sine. 


9.55433 
9.55466 
9.55499 
9.55532 
9.55504 


9.55597 
9.55630 
9.55663 
9.55695 
9.55728 


9.55701 
9.55793 
9.55826 
9.55858 


9.55891 


9.55923 
9.55950 
9.55988 
9.56021 
9.56053 


9.56086 
9.56118 
9.56150 
9.56182 
9.56215 


9.50247 
9.56280 
9.56311 
9.50343 
9.56370 
9.56 408 


21 Degrees. 


Tang. 


9.58418 
9.58456 


9.58 493 


9.58531 


9.58 569 


9.58500 
9.58644 
9.58682 
9.58719 
9.58757 


9.58794 
9.58822 
9.58869 
9.58907 
9.58944 


9.58981 
9.59016 


3219. 59056 


9. 509 
9.50131 


9.59168 
9.59205 
9.5924? 
9.59280 


9.59317 
9.59354 


9.59391 
9.59429 
9.59400 
9.59503 
9.59540 


10.41205 


| Fang. 


10.41582 
10.415345 
10.41507 
10. 41469 


10.411431 N 


0.41394 
10. 41356 
to. 41319 
TO. 41281 
10.41243 


10. 41168 
10. 41131 
10. 41693 
10. 41055 


10. 41019 
0. 40981 
1040944 
10. 40907 
10. 40869 


10. 40332 
10. 40795 
10. 40757 
10. 40720 
10. 40583 


10. 406 40 
10. 40509 
to. 405 72 
10. 40534 
10. 40497 
10. 40460 


Secant. 


— entnmm———__ ——_— 


10.0298 5 
10.02990 
10. 02995 


o. 2999 
10.0 3004 


to. o 3009 
10.003014 
10. 03019 
o. o 3024 
to. 3029 


10.03034 
10.03038 
10.0304? 
10.0 3048 
10.03053 


— 


10.030358 
10. 03063 
10.0 3068 
10.003073 
10.0 3078 


10.0308} 


10.02038 


10.03093 
10.03098 
10.03192 


10.03107 


10.03112 
10.3118 
10.003122 


10.003127 
10.031 22 


10. 44534 
10.4450! 
10. 44468 


10. 44401 
10. 44370 
10.4433) 
10. 44305 
10. 44272 


10. 44239 
10. 44207 
10.44174 
I0.44142 
10. 44109 
10. 44070 
1.44044 
10. 44012 
1.43979 
10. 43947 


[0.43913 
10.43882 


4 


10. 43818 
10.43785 


— te Ee net 


10.43755 
I0.43721 
10. 43689 


10. 43 592 


—— — 


| yecal'. 


68 Degrees. 


— 


— 


10. 44507 


10. 44436 


10. 438 500 


10. 43657 
10. 43625? 
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L103 


Tangents, and Secants. 


21 Degrees. 


Sine. 


9.5 408 
9.564409. 


9.56472 
9.56504 
9.56 536 
9.56568 
9.56600 
9.56031 
9.56663 
9. 56695 


9.56727 


9-5675919- 
9.567909. 


9.56822 


9.568 549. 
9.5688 49. 


9.56917 
9.56949 
9.56gt 0 
9.57012 
9.57044 
9.57075 
9.57107 
9.57138 
9.57170 


9.57201 
9.57232 
9.57204 
9.57295 
9.57326 
9.57358 


Sine. 


Tang. 


959540 


2319-59577 


9.59614 
9.59651 
9.59688 


— — — 


9.59725 
9.59762 
9.59799 
9.59835 
9-598 72 


9.59909 
9.59946 
9.59983 
9.60019 


8]9.60056 


— 


3] 9.00093 


9.60130 


3| 9.60166 


9.00203 


3| 9.60240 


9.60270 
9.60313 
9660349 
9.60386 
9.60422 


9.60459 
9-00495 
9.00532 


| 


6 W Degrees. 


10. 40450 
10. 40423 
10:40386 
10. 403 49 
10.403 12 


— ——— — 


10. 40275 
10. 40238 
10. 40202 
10. 40165 
10. 401 28 


10. 40091 
10. 4005 4 
10. 40017 
10. 39981 
19.399244 


139287 
10. 398 70 
10. 39834 
10.397927 
10.397611 


— — —— ͥ — 


10.39724 
10. 39687 
10. 39651 
10. 39614 
10.39578 


10. 39541 
10. 39505 
10. 39468 
10. 39432 
I0. 39393 
10.39359 


| Tang. 


Secant. 


10.03132 
I0.03137 
10.031 42 
I0.03I147 
10.03152 


10.03157 
10.03162 
I0.03167 
I0.03172 
10.03177 


I10.03182 
10.03187 
10.03192 
10.03197 
10.03292 


10.03207 
10.03212 
1003217 
10.003223 
10.0 3228 


10.03233 
10. 03238 
10.03243 
10.03248 
10.03253 


—— — 


10.03258 
10.03253 
10.03268 
10.03273 
10.03278 


10.03283 


10.433592 
10. 43561 
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9.57258 
9.57389 
9.57420 
9.57451 
9.57482 


9.57514 
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9.37907 
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— e_—_—_— Fo 
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10. 41900 
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9.59098 
9.59128 


9.96562 
9—2—5⁵⁰0 
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9.96520 
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9.01722 
9.61758 
9.61794 
9.01830 
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9.61901 
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9.96240[9.03830]10.36170]10.03760| 10.39930 
9.96234] 9-03865[10.36135|]10.03766 | 10.39901 
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9.96174 9.64243 T0. 35757 10. 0382610. 39583 
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9.96073 9.648 58 10. 35 142 10. 03927 10. 39059 


Sime. Tang. 


8 » 8 
„ 00 0 


»Þo 
3 


Py {| 4 ru bd — oy r 
688A 8 we. "a 


CET , 
—_ 
* 
. 
3 
N 4 
* Wh G 
. 1 
4, 1 
> T7 
c * 0 
. \ 
£24 
> 4 * 
445 
425 4 
. 
* 
533.5 
Fe 
"> 
9 * 
L 
* 
Py 
MN 
N 
* 1 
1 
* 
1.4 
» > 0 
4 
" 
7. 
er” 
f "0 
2 
7 
. 
{557 
es 
4 
Sy 
By 
SDS 
: 
5 
ef 
. 
4” 
2 
4 We 
* * 
W 
WY 
Wy 
ny 
2 
915 
& 
SY 
£66 
$ 
&; 
F 
* 
2 
+ 
2807 
Adv: 
— 
1 4 
woo 
> i 
no 
1 * 
* 
4 ET 
* 
4 
* 
N 
9 
+5 
= & 
—_ 
2 
N 'N 
1 
3 
+ 
: oY » 
82 
V4 
* 
4 1 
Py: A 
« 
1 
Ne 
9 
* 
9 
4 
* 
SI 
b 
> 
_— 
py. - 4-7 
. 
"DF? 
J N. 
. 
. * 
Na 
Ft 
. * 
i 
1 
ud 
2 
14 
L 4 
5 9 85 
by # * 
4 af = 
2 
2 LA 
« IS 
4 
2 · * 
La 
SF.» 
3 
by 4 
5 
TER cr; 
EK — 
4 
— 
wy 
Th 
2 
7 K* 
WA 
Ta 
2 * 
IT 
os + 
p "28: 
1% 
By 
1 
* 
bo 


S —— — 
- * 4 
bY 


» 
= — - 
4 87 * 
* ; r Tot 


| Secant. 


Min. o — 8 oO 


. — 
* 


66 Degrees. 


* 


ä 


od 


108 J 


A Table of Artificial Sines, 


24 


— 


— 
— 


e —— — 
O I © Ow Gu pb w uw 


wv 3 
2 — 


© I ww ow LEE 9 — 2 


e 
4 —— 


——_— 
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9.9007 
9.99067 
9.96062 

9.99056 
4 96051 


9.96029 
9.96034 
9.99028 
9.99022 


9.95017, 
9.95011 


9. 96005 


9.99000 
9 95994! 


9.95958 
9.95992 
9.95977 
9.95971 
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9.95944 
9.95943 
9.95937 


9.95931 
9.95925 
9.95920 
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9.64858 
9.64892 
9.54926 
9-0 49.30 
9-5 4994 
9.05028 
9.65062 
9.65095 
9.05130 
9.65164 


9.65197 
9.65231 
9.65265 
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9.95322 
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9.9 5 400 
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10. 35040 
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10. 3 4870 
10. 348 36 
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1479.022419. 95804 9.66437 10. 33563 10.041961 10. 37759 12 1 
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1 49]9-6229619.95792|9-96504110.33497| 10.04208| 10.377041 1 
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A Table of Artificial Sines, 
235 Degrees. 


Tang. Secant. | 


fs] 
— 
— 
- 


8 lo Oase of ON 


9.62595|9-95728[9.66867|10.33133|10.04272 10. 37405 
9.626229. 95722 9.66900 10. 33 100 10.0 4278 10. 37378 
9.52649 9.957169.66933 10. 33067 10.042841 10.373 51 
9.2676 9.957109. 66966 10. 33034 10. 04290 10. 37324 
9.627039. 95704 9.66999 To. 33001 10. 04296 10.3729 


9.62730 9.95698 9.67032 10. 32968 10. 04302 10. 37270 
9.62757 9.956929. 6 7066 10. 3293510. 04308 T0. 37242 
9.62784 9.95686 9.6 7098 10. 32902 10.043141 10.372106 
9.628 1119.956809. 67131 10. 32869 10. 04320 10.3189 
9.62838 9.95674 9.67163 10. 32837 10.043261 1037162 


9.62865 9.95668 9.67196 10. 32804 To. 04322 10.3713 
9.95663 9.67239 10.327710 10.043 38 10. 37108 
9.95657 9.07262|10.32738 T0.04343 [10.37082| 18 
131[9-02945[9.9565119.6729; 10. 3270510. 04349 [10.3705 
9.62972 9.95645 9.67327 T0. 32672 10. 04355 [0.37028 


14 

15 9.29999. 95639 9.67360 10. 32640 10.04361 [ 10. 37001 
16 9.63025 9.95633 9.67393 10.342607 10.04 36710. 36974 
179.6305 29.9 5627967426 10. 32574 10. 04373 |10.36948| 4; 
18 9.63079 9.95621 [9.67458 10. 32542 10.043790. 36921 
19 
20 
21 
22 


n LA 


CC 


—— 


— 
9 — 
© © 
Ox 0 
Ww 0D 
— 0 
m4 \O 
CO 8 


9.63106 9.95615 9.67491 10. 32509 10. 0438510. 36894 


9.63133 9.95609 9.67524110.32476]10.04391 | 10.36867 
9.63159 9.95603 9.675 56 10. 32444 10.04397 | 10.36841]|; 
29.631806 9.95597 9.67589 10.324111 10. 04403 (10. 36814 
2319-03213] 9.95591 [9.67622 10. 32378 10. 04409 10.367873 
240963239 9.95585 9.575410. 32340 10.0445 [10.357061 


259.6532669. 95579 [9.67687 10.323131 10.044211 10.3734 
2609.632929. 95573 [9.67719 10.3228 110.0442710. 36708]; 
2719-03319 9.9550719.67752] 10.322 48 10.04433|10.30681]3 
2819.03345[9.95561]9.67785]10.32215 10.94439|10.30655| 
29 9.63372 9.95555 [. 678 1710. 32183 10. 0444510. 36028 
309.63 398 9.95549 9.678 50 10.321 50 10.0445 1 10. 36602 


— 


1 Sine. 7 | Tang. | Sccant. | £ 
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Tangents, and Secants. 


25 Degrees 


3119-95519 


619-95415 


9.95549 
9.955343 
9.95537 
9.95531 
ae 


9.95513 
9.95507 
9.95501 
9.98494 


9.95488 
9.95492 
9.95470 
9.95470 
9.9546 


9.95458 
9-95 452 
9-95 440 
9-95 440 
9.95434 


9-95427 
9.95421 


9.95409 
9.95403 


9.95397 
9.95391 
9.95385 
2 9.95378 
9.95372 
9.95366 


Tang. 
| 


9.67350 
9.67882 
9.07915 
9.67947 


9.68012 


9.68044 
9.68077 


9.68109 
9.68142 


9.68174 
9.68206 
9.68239 
9.68271 
9.08303 


9.68336 
9.68 368 
9.68 400 
9.63 432 
9.68 46 5 
9.68497 
9.68 529 
9.68 561 
9.68593 
9.68626 


9.686 58 


9.68690 


9.68722 
9.08754 
9.68786 
9.68818 


Sine. 


9.97980 


10. 32150 
10. 32118 


10. 32085 


10. 32053 
10. 32021 


10. 31988 
10. 31956 
10. 31923 
10. 31891 
10. 318 58 


10. 31826 


10. 31794 
10.31761 
10. 31729 
10. 31697 


10. 31664 
10. 31632 
10. 31600 
10. 31568 
10. 31535 


10.31503 
10.331471 
10. 31439 
10.31407 
10.31375 


10. 31342 


10. 31310 


10.3 1278 
10. 31246 
10.31214 
10.31182 


Tang. 


| 


Secant. 


10.044511 
10.04457 
10.034463 
10. 04469 
10. 04475 


I0.04481 
I0.0448 7 
10. 04494 
I0.04500 
I0.04506 


10.04512 
10.045 18 
10.045244 
10.045 30 
10.045 36 


10.0 45 42 
10.045 48 
10.004554 
10.0450 
10.04567 


10.04573 
10.04579 
I0.04585 
I0.04591 
I0.04597 


I0.04603 
10. 4609 
10.046 16 
10.040622 
10. 04628 


10. 04634 


10. 36602 


10.36575 
10.36549 
10.36522 
10. 36496 


10. 36469 


10. 36443 


10. 36417 
10. 36390 
10. 36364 


10. 36338 


10. 36311 
10. 3628 5 


10. 36259 


10. 36233 


10. 36207 
10. 36180 
10.36154 
10. 36128 
10. 36102 


10. 36076 
10. 36050 
10. 36024 


10. 3 5998 
10. 35972 


10.3 5946 
10. 35920 
10. 35894 
10. 35868 
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A Table of Artificial Sines, 


26 Degrees. 


9.95360 
9.95354 
9.95348 


9.95335 
9-95329 
9-93323 
9.93317 
9.95310 


995304 


8 9.95298 


995292 
9.95286 
995279 


9.95273 


9.95291 


9-95248 


9495242 
9.95256 


9.95223 
9.95217 


9.95211 
9.95198 


9.95 185 
9.95185 


Sine. 


9.95341. 


9.95207, 
995254 


9.95229. 


9.95204 


9.95179 


| 


9.953669 


Tang. 


68818 
9.688 50 
9.68882 
9.68914 
9.689 6 


9.68978 
9.69010 
9.09042 
9.69074 
9.99106 


9.69138 
9.69170 
9.69202 
9.69234 
9.69266 


9.69298 
9.09329 
9.69361 
9.69393 
9.09425 


9.69457 
9.69488 
9.09520 
9.09552 
9.69584 


9.69615 
9.69947 
9.69679 
9.69710 
9.69742 
9.69774 


5 


10.31182 
10. 31150 
10. 31118 
10. 31086 
10. 31054 


10.31022 
10. 30990 
10. 30958 
10. 30926 
10. 30894 


10. 30862 
10. 308 30 
10. 30798 
10. 30766 
10.3073 4 


10. 30671 
10. 30639 
10. 30607 


1030575 


10.305 43 
10. 30512 
10. 30480 
10. 30448 
10. 30416 


10. 30385 
10.30353 
10. 30321 
10. 30290 
10. 30258 
10. 30226 


Secant. 


10. 30703 10.04727 
1004733 
10.04739 
10.0474 
10.04752 


| Tang. 


10.0402 4 
10.046 40 
10.0 46 46 
10.034653 
10.046 59 


10.046065 
10.0467 
10.04677 
10.0468 3 
10.0 4690 


10.0 4696 
0.04702 
10.04708 
10.0475 
10.04721 


10.04758 
10.047604 
10.0477 


10.0477] 
10.04783 


10.04789 
10.047906 
10.0 4802 
10.0 48 08 
10.048 1 5 
| I0.04821 


T0.35790 
10.35704 
10.35738 


10.35687 
10. 35661 
10.356035 
10. 35009 


10. 35558 
10.355232 
10. 35506 
10. 35481 


10. 35455 


10. 35429 
10.35 404 
10. 35378 
10.3535? 
10.35327 


I0.35302 


I0.35225 
10. 35 200 


10.3514) 
10.3512 
10. 35098 
10.3507? 
I0.35047 


Secanc. 


10. 35816 


10.357120 


10.35 584 


10.352706 
10. 35251 


10.351740 
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Tangents, and Secants. 


** 


20 Degrees 


9.65381 


— 


Sine. 


9.0495? 
9.54975 
9.65003 
9.65029 
9.95054 


9.05079 
9.65104 
9.05130 
9.05155 
9.05180 


9.05205 
9.65230 
9.65256 
9.65281 
9.65305 


9.65331 
9.65356 


9.55406 
9.5542 I 


9.954 6 
9.65481 
9.05506 
9.65531 
9.55556 
9. 63521: 
9. 65605 


9.95122 


9.94998 


9.95179 
9.95173 
9.95107 
9.95100 
9.95154 


9.95148 
9.95141 
9.95135 
9.95129 


9.95110 
9.95110 
9492 103 
9.95097 
27091 


9.95084 
9.95078 
9.95071 
9.95065 


9.9502 
9.9504 
9.95039 
9.93032 
9-95027! 


9.95020 
1814 
9.95007 
9.9500 


9.94988 


9.95959 


—— 


9.79550 


9.70717 


Sine. 


Tang. 


959774 
9.69805 
9.59837 
9.69869 
9.29900 


9-299-2 
9.69905 
9.69995 
9.70026 
9.70058 


9.70089 
9.70121 
9.70152 
9.70184 


9.70215 
9.70247 


9.70278 
9.70310 
9.70341 
9.70272 


9.70404 
9.70435 
9.70405 
9.70498 | 
9.70329. 


9.70592 


9. 70623 


9.70054 
9.70685 


— 


10. 30226 
10. 20195 
10. 2016 

10. 30122 
10. 20100 


10. 20068 


o. 30037 
o. 3000 5 


10.29974 
10.29942 
10.299171 
10.298 79 
10. 298 48 
10. 298 16 
10.2978, 
10.29753 
10.295722 
10. 29691 


1. 29659 
10. 29628 


10. 29596 


10.295655 


10.295 4 
10. 29592 


10.2947 
10. 29440 


10. 29408 


10. 29377 


10.2934 
10. 29315 


10. 29283 


| Tang. 


Sccant. 


10.0482T | 


10.4824 
10.048 40 


10.048 46 


10.0485 2 
10. o48 59 
10.034865 
10.048 71 
10.040 78 


to. 4584 
10.4890 
0.04897 


10.0490} 
10.040 10 


10.0 49 16 


10.04922 
10. 04929 
10.04935 
10. 04941 


10.049 48 


10.4954 


10.049061 
| 10.04957 


10.0497 


0.04980 


10.049860 


10. 0499 


0. 4999 
C. 05006 


g. 05012 0.34295 


10. 4971 
10. 494 


10.344719 


= CCalll. 
3. 


10.3 5047 
10. 04827 10. 35022 


10. 34097 


10.3 4921 
10. 34896 


10. 48 70 
10. 24847 


10. 34820 


19.3479; |: 


10.34770 
10.34745 


10.3459 4 
10. 34669 
10. 34044 
10.340619 
10.34594 
10. 34509 
10.345 44 
10.3459 
10.3 4494 
10. 4409 


10. 34444 


10:24:95 
10.34 70 
10.34345 
0. 24 20 


6 9 —.— 


| 


IO 


Nin. lo = wuz aloe 00O 


* 


— 


n ” «4 


H 


—— : f - 
oy « 
P — = —_— — - 


r 


gn 


4747 


5 A Table of Artificial Sines, 


v7 Degrees. 


—— 


| 
2 | Tang Secant. 
E 
. 
0 9.94988 g 70717|10.29283j10.05012|10.34295 
— 11 9.94982 9.70748 10. 29252 10.05018|10.34271 
2 9.94975 9.70779 10.292210 10. 05025 10. 34246 
3 9.94969 9.708 10 10. 29190 10. 0503110. 34221 
4 9.94962 9.708 41 10. 29159 10.050380. 34190 
59 9.94956 9.708 73 10.291270. 05044 10. 34172 
6 9.949499. 7094 10. 29096 10. 0505170. 34147 
7 9.94943 9.709 35 10. 29065 10. 05057 fo. 34122 
8 9.94936 [9.70960 | 10. 2903 4 10. 05064 To. 34098 
9 9.94930 [9.70997 10. 29003 To. 0507010. 34073 
10 9.94924 9.71028 10. 28972 10. 05077 lo. 3 4048 
11 9.949179. 71059 10. 28941 10.050831 10. 34024 
12 9.949119. 71090 10.28910|10.05090[10.33999 
13 9.94904 [9.71122] 10.288 79 10. 05096 10. 33975 
14 9.94898 9.71153 10. 28848 10.05 103 10. 33950 
15 9.948919. 7118 4 10.288 16 10. 05 109 10. 33925 
16 9.94885 [9.71215 10. 28785 Lo. 5116 10. 33901 
17 9.948 78 9.71246 10.28 754 10.05 122 10. 33876 
18 9948 729.7127710. 28723 To. 05 129 10. 33852 
19 9* 59.71 30810. 28692 10.051351 10. 33827 
20 9.948 58 9.71339 10. 28666 10.05 142 10. 33803 
21 9.948 529.7137010. 28630 10.05 14810. 33779 
22 9.94845 9.71 401 10. 28600 10.05 155 [1.33754 
23 9.948 399.7143110. 28 569 10.05 16110. 33730 
24 994832971462 10. 28538 10.05 168 [To. 33705 
259.063 199.948 269. 71493 10.28 50% 10.05 17410. 33681 
26 9.948 199. 7152410. 28470 10.05 18110. 33057 
27 9.948139. 7155510. 28445 100518710. 33632 
28 9.948059. 71586 10.28 414 10. 05194 10. 33608 
29 9.94800 9.71617 10. 2838310. 05201 10. 33584 
30 9.94793 9.71648 10.283 510.0520710. 33559 
N Sine. Tang. | | dccant. 
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* 
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411K } WD „ o. i RR Ta 
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Tangents, and Secants. 


1 


9.94793 
9.94786 
9.94780 
9.94773 
9.94767 


9.94760 
9.94753 
9.94747 
9.94740 
9494724 


9.94727 
9.94720 
9.94714 
59.9 4707 
9.9470 


3. 946941 
Tas 94587] 
9.9 4580 
9.94574 
9-94007 


3|9-94660 
519. 94054 
9.94647 
9-940 40 


819-9462 4 
9.94027 


9.94520 
9-94014 
9.94007 
9-9 4000 
9-94594 


27 7 Degrees. 


Tang. 


9.71648 
9.71679 
9.71709 
9.71740 
9.71771 


9.71802 
9- 71823 
9- 71855 

9.71894 
9.71925 


9.71930 
9.71986 
9.72017 
9.72048 
9.72078 


9. 72109 
9.72139 
9.72170 
9.72201 
9.72232 


9. 72262 
9.72293 
9.72323 
9.72354 
9:72354 


N 5 
9.72445 
9.72475 
9.72507 
972527 
9.72567 


| Sins. | 


j 


— ——ꝛ— AR 


10. 28352 
10. 28322 
10. 28291 
10. 28 260 


10. 28229 


10.298198 


10.28 168 
0.28137 
10. 28 106 
10.280 75 


10. 28045 


10.2301 4 
10.27983 
10.27952 
TO2Tg22 


1807807 
10.278 60 
10.278 30 


10. 27799 
10. 27759 


10.277238 
10.2 7707 
10.27677 
10.27645 


10.276015 


L 

10.27585 
10.27555 
10.27524 


10.2749 4 


10.2745 3 
10.2743.3 


| lang. 


| 


Secant. 


— ——_———— 


10.05207 
10.05214 
10. 05220 
10.05227 
10.05233 


10.052 40 
10.052447 
10.05253 
10.05 260 
10.0 5267 


10. 05273 


10.05 280 
10.05286 
10.05293 


10.05 300 


10.05 306 


10.05313 
10.95 320 
10.05 326 


10.05333 


I0.05340 
10.0523 46 


10.05353 
10.05360 


10.05366] 


10.05373 
10.05 280 


10.05 386 


10. 05393 
10.05 400 


10.05 407 


10. 33559 
10.33535 
10.335111 
10.33 487 
10.33 463 


10.33438 


I0.33366 
10.33342 


10. 33318 
0.33294 
10. 33270 


10.33245 
10. 33221 


10.331797 


10.33173 
10. 33149 
10. 33125 
10.3310 
10. 3 3078 
10. 33054 
10. 3 3030 
o. 3 3006 
10. 22982 


10. 32958 
10. 32934 
10. 32910 
10.228 87 
10. 32863 


10.2 28 
Fan IC 


| Sccant. 


61 Degrees. 


— — 


10.334147 
10. 33390 
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A Table of Artificial 
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28 Degrees. 15 
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9-94594 
9.94587 
9.24580 
9.945735 
9-94507 


9.94560 
9.94553 
9.94546 
9.94540 
9.94533 


9.94526 
9.94519 
9-94513 
9.94506 
9.94499 


9-94492 
9.94485 
994479 
994472 
9-94405 


9-94458 
9.94451 
9.94445 
9.94438 
9.94431 


294124 
9-94417 
9.94410 
942.4404 
9.94397 
9.94290 


Sine. 


Tang. | 


9.72567 


9.72598 
9.72628 
9.72659 
9.72689 


9.72720 
9.72750 
9.72781 
9.72811 
9.72841 


9.72872 
9. 72902 
9.72932 
9.72903 
9.72993 
9.73023 
9.73054 
9.73094 


9.73144 


9.73175 
9.73205 
9.73235 
9.73265 
9.73296 


9.73320 
9-73350 
9.73380 
9.73416 
9.73446 
9.73470 


| 


973114 


10.27433 
10.27 402 


I0.27372 


10.27341 
10.27311 


10. 27280 
10. 27250 
10. 27220 
10. 27189 


10. 27159 


10. 27128 
10. 27098 
10. 27068 


10. 27007 


10. 26977 
10.2594) 
10.2691 
10. 26886 
10. 268 56 


10. 26825 
10.260795 
10. 26765 
10. 26735 
10. 26705 


10.26674 
10. 26644 
10. 26614 
10. 26584 
10. 26554 
10.265244 


Tang. 


Secant. 


10.05 407 
10.05 413 
10.05 420 
10.05 427 
10.05433 


10.05 440 
10.0544) 


0.05454 
10.05 460 


10.05 467 


10.05474 
I0.05481 


10.054857 


10.05 494 
10.05 501 


10.05 508 
10.005515 
10.055521 
10.055528 


10.005535 


10.055 42 


10. 05 5 49 


10.055 55 
10.055662 


10,05 569 


10.055 76 
10.05583 
10.05 590 
10.05 596 
10.0 5603 
10.005610 


10. 328 39 
10. 32815 
10.32792 
10. 32708 
10. 32744 


10.3272 
10. 32697 
10.3207} 
to. 32650 
10*32626 


10. 32602 
10. 32579 
10.323555 
0.32532 


10. 3248 5 
10. 32461 
10. 32438 
10.32414 
10.32391 


10. 32367 


10.323 44: 
10. 32320 
10.3229 


10.32274 


10.322 50 
10.32227 


10.322045 
10. 32180 


10.32157 
10.32134 


| Secant. 


ec 


01 Degrees. 


10. 32 508 


„ a Es. 


4< 
% 
4 


— 


1417 


Tangents, and Secants. 


28 Degrees. 


9.94390 
9.94382 
9.94376 
9.94369 
9.94362 


9.94356 
9.94349 
994342 
9.94335 
9.94328 


9-94321 
9.94314 
9.9430) 
9-94300 
9-94293 


9.94280 
9.94280 
9.94273 
9.94266 
9.942 59 


9.94252 
9.94245 
9.94238 


9.94231 


9.94224 


9.94217 
9.94210 
9-94203 
9.94195 
9-94189 
9.94182 


dine. 


Tang. 


9.73470 
9.73507 
9-73537 
9.73567 
9.73597 


9.73027 
9.73057 
9.73087 
9.73717 
9.73747 


9.73777 
9.73807 
9.73837 
9.73807 
9.73897 


9.73927 
9.73957 
9.73987 
9.74017 
9.74047 


9.74077 
9.74107 
9.74137 
9.74166 
9.74196 


9.74226 
9.74256 
9.74280 
9.74316 
9.74345 
9.74315 


| 


| 


10.26524 


10. 26493 
10.26463 


10. 26433 


10.26403 


10.26373 
10. 26343 
10. 26313 
10. 26283 
10. 26252 


N le 
10. 26223 


10. 26193 
10. 26163 
10. 26133 
10. 26103 


10.26073 
10.25043 
10.26013 


| 


10. 25983 


10.25953 


10.25923 


10.25893 
10. 25864 
10.25834 
10.25804 


10.2574 


10.25744 


10. 25714 
10.250684 
10.255655 
10. 25625 


ö 


ö 


Tang. | 


Sccant, 


10.05610 
19.05617 
10.05624 
19.05631 
[0.05638 


19.05645 
10.05651 
0.05658 
10.05 655 
[0.056072 


10.05679 
10.05 686 
10.05693 
10.05 790 
10.0570 


1005714 
10.05721 


1005727 
10.035734 


10.05741 


10.05748 
[0.03755 


10.057602 


10.0 5759 
10.057706 


10.05783 


10.05 790 
10.05 797 
10.5804 
10.05811 
10.058 18 


10.32134 
10. 32110 


10. 3208 
10. 32054 


10. 32041 


10.320118 
10. 31994 
I0.31971 
10. 31948 
10.31925 


10.31902 
10. 31879 
10. 31850 
10.31833 
10.31810 


10.31787 
10.31753 
10. 31741 
10. 31718 
10. 31695 


10. 31672 
10. 31649 
10. 31626 
10. 31603 
10. 31580 


10.31557 
10.31134 
10.31511 
10. 31489 
10. 31466 


I0.31443 
Secant. 


— 


61 Degrees. 


10 


** 


Min. | o — 1 DO 


8 


[118] 


A Table of Artificial Sines, 


29 Degrees. 


9.0922 4 


9.94147 


9994126 


9.94048 


9.94182 
9.94175 
9.94168 
9.94161 
9.94154 


9-94140 
9.94133 


9.94119 


9.94112 
9.94105 
9.9 4095 
9.94091 
9.94083 


9.94075 
9.94059 
9.94062 
9.94055 


9.94041 
9.94⁰³4 
9.94027 
9.94020 
9.94015 


9.94005 
9.93998 
93991 
984 
977 


9 
9 
9 
9.93970 


P 
9 
Y 


— 
4 
— 
= 
d 


| 
| Sine. |} 


Tang. 


9.74375 
9.74405 
9.7442; 
9.74455 
9.74494 


9.74524 
974554 
9.74584 
9.74513 
9.74547 


9.74573 
9.74702 
9.74722 
9.74792 
9-74791 


9.74321 
9.74851 
9.74880 
9.74910 
9.74939 


9.74969 
9.74997 
9.75028 
9.75058 
9.75087 


9.75117 
9.75146 
9.75176 
9.75205 
9.75235 
9.75294 


10. 25625 
10.255595 
10.255655 
10. 25536 
10.25 506 


10.25475 


10.25 445 


10. 25417 
10.25387 


10.25327 
10. 25298 
10. 25268 
10.25238 
10. 25209 


1 0.25179 
10. 25150 
10.25120 
10. 25090 
10.250061 


10.2503 
10.25002 
10.24972 
10.249 42 


10. 24883 
10. 24854 
10.248244 
10.24795 


10. 24765 


10. 24736 


| Tang. 


10.25357 


10.24913 


Secant. 


I0.05818 
10.0582 
10.053 22 
10.05839 
10.058 46 


10.0585? 
0.05860 
I0.05867 
I0.05874 
I0.05881 


10.05888 
0.05895 
10.05902 
10.0590 10 
10.05917 


10.035924 
10.05931 
10. 05938 


10.059455 
10.05952 


10.035959 
10. 05966 
10.05973 
10. 05980 
10.0 5988 


10. 05995 
I 0.09002 


I10.056009 
10.060160 
10.0902 2 
I0.05030 


To-31443 
10. 31420 


10. 31397 
10.312753 


10.313525 


10. 31229 
10.31 306 
10.312844 
10.312061 
10.312 38 


10.312106 


10. 31493 
1.31171 
10. 31148 
10.311255 


10. 31103 


10. 31080 
10. 31058 
10. 31035 
10. 31012 


10. 30990 
10. 30908 


18530947 
10.309233 


10. 30900 


10. 308 78 
10. 30856 
10. 308 33 
10. 20811 
10. 30788 


10. 2070 


60 Degrees. 


— — 


1119 J 


Tangents, and Secants. 


29 Degrees. 


9.93963 
9.93955 
9.93948 
9.93941 


993919 


9.6941209.93912 
9-69434|9-93995 


9-69456|9.93898 


9.93891 
9.93870 


9.93855 
9.93848 
9.93840 
9.93833 


9.69977 9.93825 
9.9970019.93819 


9.93811 
9-93804 
9.93797 


9.93790 
9.93792 
9-93775 
9.93708 


Ja TAR, 


9.93934 
9.69368 9.93927 


9.93884 


9.93700 


Sine. - 1 


4 


9-93970|9.75264 


9.75294 
9.75323 
9.75353 
9.75382 


9.75441 


9.75470 


9.75 50⁰ 
9.75529 


9.75559 
9.75588 
9.75017 
9.75047 


9.93869 | 9.75676 


— — — 


45 9.69567 |9-93862 


9.75705 
9.75735 
9.75704 
9.75793 
9.75822 


9.75852 
9.75881 
9.75901 
9.75940 
9.75969 
9.75998 
9.70027 
9.76056 
9.70080 
9.76115 
9.79144 


— — 


4 


9.75412 


10. 23914 


| Lang. 


| 


10.24736 


10. 24706 
10.2467 
10.246 47 
10. 24618 


10. 24589 
10.245599 
10.245 30 
10. 24500 


10.2447 


10.24442 
10.24412 


10˙24383 
10.24354 
10. 24324 


10. 24295 
10. 24266 
10.242306 
10.24207 
10. 24178 


10.241448 


10.24119 
10. 24090 
10.240061 
10. 24031 


10. 24002 
10.23973 
[0.23944 


10.22585 
10.228 56 


Secant. 


10.060 30 
10. 06038 
10.0604 5 
I0.06052 
10.050 59 


10. 06065 
10.056073 
10.050811 
10.006088 
10. 06095 


10. 06 102 
ro. o 1e 


10. 06116 


10.06124 
10. 06131 
10. 06138 
10. 06145 
10.006153 
10.06 160 
10.061167 


1 0.06174 
10.0618 2 
10. 06189 
10. 06196 
0.06203 


10.006211 
10.06218 
10.062255 
10.06232 


10.002 40 


10.002 47 


A — 


10.30307 
10430345 


10.30323 


p 


10.30735 
10. 30722 
10. 30699 


10. 30566 


10. 30521 
10. 30499 
1.30477 
10. 30455 


10. 30411 


N 


, 


10. 30756 


10.306 77 


10. 30655 
10. 30632 
10. 30510 
10. 30589 


10. 30544 


10.30433 


10. 30389 


10. 30301 
10. 30279 
10. 30257 
10. 30235 


10.302113 
10. 30191 
10. 30169 


10.300147 
10. 30125 


10. 30103 


Sccant. 


60 Degrees. 


1 
— ͤ ͤ ſ——— — — 


þ 


IO 
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— — — 


A Table of Artificial ines, 


| 


30 Degrees. 


— 


„ n "UN 


— br bd — — 
3 


> 2 


| 


Sine. 


9.59597 
9.59919 
9.29941 
9.6996 2 
9.0998 4 
9.70006 
9.70028 
9570050 
9.70072 
9.7009 * 


9.7011 
9.70137 


> [9.70159 


9.701” - 
9.70202 


970224 
9.70245 
9.70267 
9.70289 
9.70310 


9.70332 
9.70353 
9.70375 
9.70295 
9.70418 


9.70440 
9.70461 
9.70483 
9.70504 
9.70525 
9.70547 


— 


9.93753 
9.93740 
9.93759 
9.93731 
9.93724 


9.93717 
9.93709 
9.93702 

9.93095 
9.93687 


9.936080 
9.93673 
9.93665 
9.92658 
9.939 5 i 


9.93643 
9.93626 
9.93628 
9.93021 


9.92614 
9.93606 
9.93599 
9-93591 
9.93584 
993577 


9.93569 
9.93502 
9.93554 
9.93547 
9.93340 
9.93532 
| Sine, 


Tang 


9.70144 
9.75172 
9.76202 
E 7622 1 
2 76261 


Fay 76290 
9.76319 
9˙7 76348 
9.75377 
9.76405 


9.72435 
9.75494 
9.75493 | 
9.76522 |1 
9.75551 


9.70581 
9.75610 
9.76629 
9. 76658 
9.70097 


9.70726 
9.70755 
9.767831 
9.76812 
9.76841 


9.70870 

9.76899 
9.70928 
9.76957 
9. 75986 
9.77015 
| 


10. 23856 


10. 22827 
10. 22798 
10. 23759 
10. 22729 


10. 23710 
10.236817 
10. 23652 
10. 23623 
10. 23594 


10. 23565 
10. 23536 
10. 243507 

23478 
10. 22440 


10. 23420 


10.23391 
10. 23362 


10.23333 
10. 23304 


0.23275 
10. 23246 

10. 23217 
10. 23188 
10. 23159 


10. 23130 
10.231011 
10. 23072 
10.2043 


Tang. 


10. 23014 
10. 22985 


Secant. 


10.009247 
10.052554 
10.006262 
10.062509 
10.092 75 


10.99234 
10.006291 
10.06 298 
10. 06 305 


1873 


10. 30103 


10. 30081 
10. 0059 
10. 0037 
10. 20016 


19.29994 


10. 29972 
10. 29950 
10.29928 


10. 29907 


10.053355 
10.053 42 
10.05350 


10.06357 
10.00 36 4 
10.065372 
10.00379 
10.06 386 


10.05394 
3O.09 4O1 
10.09 409 
10.0646 
10.065423 


10.00 431 
10.06 438 
10.06 446 
10.06453 
10.06 461 
10.06 468 


— — 


NO — GC 


10.0320 10.2988 5 
10.050328 


19.29863 
10.298 42 
10.29820 
10.29798 


19.29779 


I0.29735 
10.297323 
10.297112 
10. 29990 


10. 29668 
10. 29647 


10.296257 
10. 29604? 
10.2958 2 


10.29561 
I0.29539 
10.29518 
10.29496 
0.29475 


10.29453 


cccant. 


59 Degrees. 


TOO [Yu —— 


erer | 


8. nan AanWw:4wn cw 3wwunw wiiwntwct , . . . / TH wells tai, wu 


— 


11 


— 


I] angents, and Sccants. 


230 Degrees. 


Sine, Tang. 


N 


Secant. 


} — — ͤ — — 


309. 705479. 935229. 77015 10. 22985 10.06 46810. 29452 
31 9.70568 9.93525 . 10.06 475 10. 29432 
329. 705909. 935179. 77073 10. 22927 10.050483 10. 29410 
339.7056119. 935109. 77102 10. 2289910. 06490 10. 29389 
249. 705329935029. 7713010. 228 70 10.06 49810. 29367 


359. 706549. 9349 59.777159 10.228 41 T0. 06505 10. 29345 
36 [9.70675 9.9248719-77198 |[10.22812|10.05513 I0.29325 
37 [9.70697 |9.93480[9-77217|10.22783 [10.06520|10.29303 
38 [9.70718 9.934729. 77246 10. 22754 10. 06528 10. 29282 
39 9.70739 9.934659. 77275 10. 22726 To. 0653510. 29261 


409. 7071.924579. 77303 10. 22697 10.0543 10. 29239 
4109.707829. 93450 9.77332 10. 22668 10.065 50 10. 29218 
429. 70802 9.934429. 77301 10. 22639 10.06 558 10. 29197 
439. 70825 9.924359. 77390 10. 22610 10.06 565 10.291706 
449. 708 459.93 4279.741810. 22582 10.065732 10. 29154 


459. 70867 9.93420 9.77447 10. 22553 10. 06580 10. 29133 
469. 70888 9.93412 9.77476 10. 22524 T0. 06588 10. 29112 
479. 709099. 93405 9.77505 10. 22495 10.006595 10. 29091 
48 9.70931 9.93397 9.775 33 10. 22467 10. 0000310. 29069 
409. 70952 9.933909. 77562 10. 22438 10.066 10 10. 29048 


50 9.79972 9.93332[9+77591| 19.22409| 10.06018| 10.29027 
5119.70994|9.93375|9-77620| 10.22381|10.00625| 10.29006 
52]9.710151]9.93367[9.77948;19.22352|10.00033| 10.28935 
| [53]9.71036|9.93360[9.77077| 10. 22323 10. 06640 10.23964 
J54 9. 789.9 33529. 77706 10. 22295 10.066 48 10. 28943 


5519.710799. 93344 9.77734 1.22256 10. 0566 56 10. 28921 
5509.711009. 93337 9.77763 10. 22237 10. 06663 10. 28900 
579. 711219.93329 9.77792 10. 22209 lo. 06671 fo. 288 79 
58 9.71142 9.93322 9.77820 10. 22180 0.06678 10.288 58 
599. 71163 9.933149. 77849 10. 2215110. 00686 10. 28837 
5009.711849. 933079. 7787) 10. 22123 To. 06693 10. 28816 


Sine. | 


— 
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| A Table of Artificial Sines, 


- * —"Y and 


31 


Degrees. 


un, 


Sine. 


9.71184 
9.71205 
9.71226 
9.71247 
9.71258 


9.71289 
9.71310 
9.71331 
9.71352 
9.71373 


9.71394 
9.714¹4 
9.71435 
9.71456 
9.71477 


9.71498 
9.71519 
9.71529 
9.71560 
9.71581 


9.71602 
9.71622 
9.71043 
9. 71663 
9.71685 


9.71705 
9.71726 
9.71747 
9.71707 
9.71738 
309. 71809 


— 
* 


— 
ym 


MHIMNESMIES 


5 
— 


29 
WO Wwe Wo 


9.933079.77877 
9-93299 
9-9 3291 
9.932849.77963 
9.93276 9.77992 


9.932699. 78020 
9.93261 
993253 
9.93246 
9.932389.78135 


9.932309. 78163 
993223 
9.93215 
9.93208 
9-9320019.78277 


9-93192 
9.93185 
9.93177J9.78363 
9.93169 9.78 391 
9.93161 9.78419 


9.93154 
9.93146 
9.9313849.78505 
9.9313119.78533 
9.9312319.78 562 


993115 
9.93108 
9.93100 
9.93092 
9.93084 
LA 


[Ii 


Tang. 


9.77906 
9.77935 


9.78049 
9.78078 
9.78106 


9.78192 
9.78220 
9.78 249 


9.78306 
9.78334 


9.78448 
9.78479 


9.78 590 
9.73018 
9.73047 
9.78075 
9.78704 
9.78732 


| 


— Mi. At 


10.22123 
10.22094 


10. 22065 


10. 22037 
10. 22008 


10. 2 1980 
10.219551 
10. 21923 
10.2189 
10. 21865 
10. 21837 
10. 21808 
10. 21780 
10. 21751 
10. 21723 


10. 21695 
10. 21666 


10.215 52 


10. 21495 
10.214007 
10. 21438 


10. 21410 
10.21382 
10. 21353 
10.21325 


Tang. 


10.21637 
10. 21609 


10.215871 


10.21524 


10. 21296 
10. 21268 


| 
| 


; 


| 


Secant. 


—— —[Äñÿ̊6ĩ 


10.05693 
1006701 
10. 06 70 
10.05716 
I10.06727 


I0.00732 
110.05729 
10.06747 
4410.06754 
(10.06 752 


to. 05770 
| 10.06777 
I0.06785 
10,05793 
10.06809 


10.00803 
10.05816 
10.00323 
10.065831 
10.068 39 


10.068 46 
10.0685 4 
10.00862 
10. 06869 
10.06877 


10.0688 5 
10. 05893 
10. o 
10. 00908 
10.065916 
10.0692? 


10. 28253 


10. 28816 
10. 28795 


10.2874 
10. 28753 
10. 28732 


10.28711 
10. 28690 
10. 28669 
10.286 48 
10.238627 


10.28607 
10. 28 586 
10. 28 565 
10.285 44 
10. 28523 


10. 28502 
10.284811 
10.28 461 
10. 28440 
10. 28419 


10. 28398 


10. 28378 


10. 28315 


10. 28295 
10. 28274 


10.28233 
10. 28212 
10.28 192 


| Sccant. 


53 Degrees. 


3 


10.283573 
10. 28 3303 
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Tangents, and Secancs. 


31 Degrees. 


Sine, 


9.72381 
9.72401 


— — — — 


—̃ 
— 


9. 71809 
9.71829 
9.71850 
9.71870 
9-71891 


9.71911 
9.71922 
971953 
9.71973 
9.71994 


9.72014 
9.72035 
9-72055 
9.72075| 
9.720969. 92968 


9.721169. 92990 
9.72137 9.92952 
972157 9.92944 
9-72177 9.92936 
9.72198 9.92929 


9.722189. 92921 
9.72239 
9.72259 
9.72279 
9.72299 


9.72320 9.92881 
9.72340 
9.72360 9.92866 


9.72421 


9.93077 
9.93069 
9.93001 
9.93053 
9.93046 


9.93038 
9.93030 
9.93022 
9.93015 
9.92007 


9.92999 
9.92991 
9.92983 
9.92976 


— — 


9.92913 
9.92905 
9.92897 
9.92889 


L 
— eng en memes 


9-92574 
9.92858 


| Tang. 


9.78732 
9.78760 
9.72789 
9.78817 
9.78845 


9.78874 
9.78902 
9.78930 
9.78959 
9.78987 


9.79015 
9.79043 
9.79072 
9.79 100 
9.79128 


9.79156 
9.79185 
2˙79212 
9.79241 
9.79259 


9.79297 
9.79320 
9.79354 
9.79382 
9.79410 


9.79438 
9-79 466 
9.79495 
9.79523 


9.92850 


| 


Sine. | 


9-925 42 | 


9.19531 
9.79579 


| 


— —  — __—— 


[0.21268 
10. 21240 
10.21211 
10.211832 
10.21155 


10.211206 
10. 21098 
10. 21070 
10. 21042 
10.21013 


10.2098 
10.20957 
10. 20928 
10. 20900 
10. 20872 


10. 20844 | 


I0.20815; 
10.20787| 
10.20759 
10. 20731 


10. 20703 
10.205074 
10.206546 
10. 20618 
10. 20590 


10. 20562 
10. 20534 
10. 20505 
10.20477 
10. 20449 
10. 20421 


| Secant. 


19.0692 3 
10.06931 
10.06929 
10.069 47 
10.0695 4 


— 
10. 28192 


10.2817 
10. 28150 
10. 28 120 
10. 28 109 


— — — —— 


10. 28089 
10. 28068 


10.0692 
10. 06970 
10.069 78 10. 28048 
10. 06985. 28027 
10. 05993 10. 29007 


— . 


10.070011 10.27 

10.97009 10. 27956 
10.007017 10.27945 
I0.07025 | 10.27925 
10.07032 10. 27904 


19.07040 10. 27884 
10. 07048 10. 2786 7 
10.070556 10. 27843 
10.070564 10. 27823 
10. 0700 10. 27802 
10.070079 10.277582 
10.0708) 10. 27752 
10.007095 10. 27741 
10.7103 10. 27721 
10.071111 10. 27701 


| 
10.07118 |10.27081 
19.07125' 10. 27660 


10.07134 10. 27540 


10.07142 10. 27520 


10.0715 10. 27599 
10.007158 10.275779 
— — 


Secant. 


Tang. | 


10 


— — 


58 Dezprers. 


ö Min. 0 — e l.oyv O 


( 
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A Table of Artificial Sines, 1 

FEES 32 Degrees. FT 52 
a _- — J 
Sine. Tang. Secant. | Z 
5 


—— — — 


9.724219. 928 429.7905 70 10.204210 10. 0715810. 27 7940 
9.72441 9.92834 9.79007 I0.20939J 10.07166 10.275559 59 
9.724519.928 269.7953510. 20365 10.0717410. 2753958 
9.72482 9.928 189.7955310. 20337 10. 0718210. 2751857 
9.725029. 928 109. 79591 fo. 20309 10.907190 10. 27498 554 | 


— — — —— — — . — 1 — 
4 — — 


9.725229. 92803 9.79719 10. 20281 10.07198 10.274780; 
9.725429.92795 9.797470. 20253 10.07205 10. 2745864 
9.72562 9.927879. 7977610. 20225 10.072130. 274385; 
9.72582 9.927799. 7080410. 20196 10.072211 10.274185: 
9.72502 9.927709. 798 3210. 20168 10.007229 10.279851 


10 9. 726239. 927639. 79860 0. 20140 10. 0723710. 27373] 50 
11 49. 72643 9.927559. 79888 10.201120 100724510. 2735740 
129. 72603 9.927479. 709 1610. 20084] 10.072530 10.273378 
13 9.7268 39.927399. 7909044 10. 20056 10. 07261 10.273174) 
149. 727039. 9273119. 79972 10. 20028 10.072659 10.272974 


JC 
31 
32 
LE 
5 
35 
36 
37 
38 
39 
4c 
41 
42 
43 
15 [9.72723|9.92723|9.80000 | 10.20000] 10.07277}10.27277} 4] — 
1619.727431 9.92715 9.80028 | 10. 19972 10.07285|10.27257| 44 4 
4 

47 

48 

49 

50 

51 

52 

33 

54 

55 

56 

57 

58 

39 


— 


© ow oulsyy ol WIW | 


17[9.72763[9.927507]9.80056|10.19944| 10.07293|10.27237]| 43 
189.7278 39.925699 9.8008 410. 19916 10.07301|10.27217]| 42 
199.7280319. 926919. 8011210. 19888 10.073090. 2719741 


2019.728239. 9268 3 9.80140 10. 19860 10.073170. 2717740 
219.728439. 925779. 80168 10.198330 10.073250. 27157039 
2219.728639. 926079. 80195 10. 19805 10.073330 10. 2713738 
239.728839.925 599.8022310. 19777 [10.073410 10.271183) 
249.7290209. 926519. 8025110. 19749 fo. 073 49 10. 27098 36 


2509.729229. 920439. 027910. 19721 0.073 57 10. 27078035 
269. 729429. 926359. 8030010. 19693 10.073065 10. 2705834 
12719.72962 9.92627 9.80335 10. 19665 10.073 73 10.270381 33 
1289.729820 9.92619] 9.80363 |10.19937| 10.073810 10. 2701832 
| 299. 730021 9.92611] 9.80391 10. 19609 10.07389] 10.26998} 31 
309. 730221 9.92603 9.80419 |10.19581 | 10.07397] 10. 26978 30 


Sine. [ | Tang. | | Secami. | | a 
— — — 8 -| | 


57 Degrees. 


U 


125 J 


— 1 Rt — bk St * 
0 * 


Uangents, and Secants. 


32 Degrees. 


9.73121 
9.73140 
9.73160 
9.73180 
9.73200 


973219 
9.73239 
9.73259 
9.73275 
9.72298 


9.73318 
9.73337 
9.73357 
9.73377 
9.73296 


9.73410 
9.73435 
9.73455 
9.73474 
9.73494 


9-73513 
9.73533 
9.73553 
9.73572 
9.73591 
9.73611 


9.92603 
992595 
9.92587 
9-92519 
9-92571 


9.92503 
9.92555 
9.92547 
9.92538 
9.92530 


9.92522 
9.92514 
9.92505 
9.92498 
9.92490 


9.92482 
9.92474 
9.92465 
9.92457 
9.92449 


9.92441 
9.92433 
992425 
9.92416 
9.92408 


9.92401 


9.92392 
9.92384 
9.92370 
9.92367 
9.92359 


dine. 


Tang. 


9.80419 
9.30447 
9.80475 
9.80502 
9.80530 


— 


9.805 58 
9.80586 
9.80914 
9.80042 
9.80669 
9.80697 
9.80725 
9.80753 
9.80781 
9.80808 


9-308 36 


9.30892 
9.80919 
9.80947 


9.80975 
9.81003 
9.81030 
9.81058 
9.8 1086 


9.81113 
9.81141 
9.81169 
9.81190 
9.81224 
9.81252 


10. 19331 


9.80864 | 


| 
| Tang. | 


10. 19581 
10. 19553 
10. 19526 
10. 19498 
10. 19470 


10. 19442 
10. 19414 
10. 19386 


10. 19359 


10. 19303 
10. 19275 
10. 19247 
10. 19220 
10.19192 


10.191644 
10. 19136 
10.19 108 
10. 19081 
10. 19053 


10. 19025 
10. 18998 
10. 18970 
10. 18942 
10. 18914 


10. 18887 
10. 188 59 


10. 18831 
10. 18804 


q 


I0.18775 


10. 18748 


a 


Secant. 


— — 


10.07397 
10.07405 
I0.07412 
10.07421 


10.07429 


10.07437 


10.07446 
10.074754 
10.07462 
10.074770 


10.074738 
10.074860 
10.074944 
10.07502 
10.075 10 


10.075118 
10.07527 
I0.07534 
10.0735 43 


10.07551. 


10.07559 
10.07567 


TO.07575 
10.07584 
0.07592 


10.0 7600 
10.07508 
10.076160 
10.076525 
10.07633 
10.07541 


—ꝛ—— ͤ äꝶůãä—ẽ — 


—— — — — 


10.26978 
10. 26959 
10. 26939 
10. 26919 
10. 26899 
10. 26879 
10. 26860 
10. 268 40 


10. 26820 
10. 26800 


10.267811 


10.266760 


10.25741 


10.265722 


10.295702 


10. 26682 
10. 26653 


10. 25643 
10. 26624 
10. 26604 


10. 26584 
10. 26565 
10. 26545 
10. 265 26 
10. 26506 


10. 26487 


10. 26467 
10. 26448 
10. 26428 
10. 26 409 


10. 26389 


Secanr. 


— 


Nin. 0 2802 S D 


_ 


_—— 


$7 Degrees. _ 
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A Table of Artificial Sines, 


33 Degrees. 


ui | 


e 


= 


_—— 


9.74093 
9.74113 
9.74132 
9.74151 
9.74170 
9.74189 


3 | 9-922 


992359 
9-92351 
9-92343 
9-92335 


9.92325 


9.92318 
9.92310 
9.92902 
9.9229? 
9.92285 


9.92277 
9-92299 
60 
9.92252 
9.92244 
9.92226 
9.92227 
9.92219 
9.92211 
9.92202 


9.92194 
9.92186 
992177 
9. 92169 
9.92161 


992152 
992144 
9.92130 
9.92127 
9.92119 
9.92111 


Since. 


Tang. 


9.81252 
9.31279 
9.81307 
9.81335 
9.81362 


9.81290 
9.81418 
9.81445 
9.81472 
9.31500 


9.81528 
9.81556 
9.3158? 
9.81611 
9.81628 


9.81666 
9.81693 
9.31721 
9.31748 
9.81779 


9.81804 
9.81831 


9.51859 
9.81886 


9.81913 
9.81941 
9.81968 
9.81996 
9.82023 
9. 82051 
9. 82078 


| 


I0.18748 
10.18721 
10. 18693 
10. 18665 
10. 18638 


10. 18582 
10.18555 
10. 18527 
10. 18 5o0 


10. 18472 
10. 18445 
10.184117 
10. 18 389 
10. 18352 


10.18334 
10. 18307 
10. 18279 
10. 18252 
10. 18224 


10. 18197 
10. 18 169 
10. 18142 
10.18114 
10. 18087 


10. 18059 
10. 18032 
10. 18004 
10.17977 


10. 17949 
10. 17922 


10.07731 


Secant. | 


10.07941 


10.076 49 
10.07957 


10. 07666 
| I0.07574 
10. 185101 10.07582 
10.0790 
10.07698 
10.077006 


10.0771 5 


10.8723 


10.07740 
10.077748 
10.077756 


10.077765 
10.007773 
10.077811 
10.07789 


10.0781 4 
10.0782} 
L0.07831 
10.07829 


10.078 48 
10.078 56 
10.07864 
10.07873 
I0.07831 


| lang. 


| 


10.07798. 
10.07806 


10.07289 


10.26389 
10. 26370 


10. 26350 
10.26331 


10. 26292 
10.26273 
10.26253 
10.26234 
10.26215 


10.26195 


10. 261706 


10.26157 


10. 26137 
10. 26118 


10. 26041 


10. 25983 


8 2 


* 


10. 26311 


10.26099 
10.26079 
10. 26060 


10. 26022 
10. 26003 


10.259564 


10. 25945 
10. 25920 


10.25907 
10. 25888 
10. 25858 
10. 25849 
10. 25830 


 yecauit, | 


% ˙ IS 


0 


1 


1271 


Tangents, and Secants. 


3 Degrees. 


Sine. 


9.74208 
9.74227 


9.742 406 
9.74265 


9.74284 
9.74303 
9.74322 
9.74341 
9.74360 


9.74379 
9.74398 
9.74417 
9.74430 
9.74455 


9.74474 
9.74497 
9.74512 
9.74531 
9.74549 


9.74558 
9.74587 
9.74600, 
9.74025 
9.740 44 


9.74662 
9.74681 
9.7470 
9.74719 
9.74737 


— 


— 


9.24189 
| 


9.74756 


9.921117 
9.92102 


9.92094 


9.92086 
9.92077 


9.92064 
9.92060 
9.92052 
992044 
992033 


9.92027 
9.92018 
9.92010 
9.92002 
991993 


9.91985 
9.91970 
9.91968 
9.91959 
9.91951 


991942 
991934 
9.91925 
9.91917 
9.91908 
9.91900 


9.91892 
9.91883 


; 


9.91866 
9.91857 


| 


Sine. 


9.91974 


N 


| 


| 


| 


Tang. | 


9.82078 
9.82106 
9.82133 
9.32161 
9.32188 


9.82215 
9.82243 
9.82270 
9.82298 
9.82325 


9.82352 
9.82380 
9.82407 
9-82435 
9.82402 


9.82489 
9.82517 
9.82544 
9.82571 
9.82599 
9.82626 
9.82653 
9.82681 
9.82708 
9.82735 


9.82702 
9.82790 
9.82817 


9.82844 
9.82372 


| 


| 


0.17922 
10. 17894 
10.17867 
10.178 39 
10.17812 


10.1778 
10.1775) 
10. 17730 
10. 17702 
10. 17675 


10. 17648 
10. 17620 
10.1759 
10. 17565 
10. 17538 


10. 17511 
10. 17483 
10. 17456 


10. 17429 
10.17401 


10.17374 
10.17347 
10.173 20 
10.17292 
10.17265 


10.17238 
10. 17210 


10.17183 


10.171 56 
10. 17129 
10.17101 


9.82899 


| Tang. 


— — CA. ae 4 


Secant. 


10.07898 
10.07906 


10.07914 
10.07923 


10.07931 
10.079 40 


10.079 48 


10.079556 
10.07965 


10.079 73 


10.07982 
10. 07990 


10.0999 
to. 8007 


10.080315 
10,0802 4 
10. 08022 
10.080341 
10. 08049 


10.8058 
10. 08066 
10.08075 
10. 08083 
10. 08002 


10.08 100 
10. 08 109 
10.08 117 
10.08 126 
10.08134 
10.08143 


10.07889 


— ů— 


10.258111 
10. 25792 
10. 25773 
10.25754 
10.25735 


10.25716 
10. 25697 
10. 25678 
10. 25659 


10.2 5602 


10.25 526 
10.25507 
10. 25488 
10.25 469 
10.254551 


to. 25432 


10.25413 
1.25294 


10.25375 


10. 25338 


10.25 300 
10.255281 
10. 25263 


536 Degrees. | 


10. 25640 
10. 25621 
10.255583 


10.255644 
10.2554 


10.253556 


10. 25319 


— —ͤ—— 11 ² 


Sccant. 


— — 


| Mio. | o 2222 


— „ 
* 

n 

1 


ea 


| 
| 


U 


128] 


—ͤ— —-„—- 


A Table of Artificial Sines, 


8 IU ow owlaww © | 'VIIN | | 


» 


Sine. 


— 


9.74756 
9.74775 
9.74794 
9.74812 
9.74331 


9.74850 
9.74868 
9.74887 
9.74906 
9.74924 


9-74943 
9.74952 
9.74980 
9.74999 
9.75017 


9.75036 
9.75054 
9.75073 


9.75091 


9.75110 


9.75128 
9.75147 
9.75165 
9.75184 
9.75202 


— 


9.75221 
9.75239 
9.75258 
9.75276 
975294 
9.75313 


9.91857 
9-918 49 
9.91840 
9.91832 
9.91823 


9.91815 
9.91806 
9.91798 
9.91789 
9.91781 


9.91772 
9.91703 
9.91755 
9.9174 
9.91738 


9-91729 
9.91720 
9.91712 
9-91 703 
9.91095 
9.91686 
9.91677 
9.91669 
9.91660 
9.91651 
9-91043 


9-910 34 
9.91625 


9.91608 
9.92399 


Sine. 


9.916179. 


34 Degrees. 


Tang. 


9.82899 
9.82926 
9.92953 
9.82981 
9.83008 


9.83035 
9.83062 
9.83089 
9.83117 
9.83144 


9.83171 
9.83198 
9.83225 
9.83253 
9.8 3230 


9.83307 
9.83334 
9.83361 
9.83388 


9.83415 


9-83 443 
9.83470 


10. 17101 
10. 17074 
10. 17047 
10. 17020 
10. 16992 


10. 16965 
10. 16938 
10. 16911 
10. 16884 
10. 168 56 


10. 16829 
10. 16802 
10.157755 
10. 16748 
10. 16720 


10. 16693 
10. 16666 
10. 16639 
10. 16612 
10. 16585 


10. 16558 
10. 16530 
10. 16503 
10. 16475 
10. 16449 


10. 16422 
10. 16395 


2 | 10.16 368 


I0.16341 


10. 16314 


10. 16287 


| Tang. | 


Secant. 


I0.08143 
TO.OBI5I 
10.08 160 
10.08 168 
10.08177 


10.0818 5 
10.08 194 
10:03 202 
10.08211 
10.008220 


10.08 228 
10.08237 
10.082455 
10.082544 
10.08 262 


10.008271 
10.08 280 
10.08 288 
10.08297 
10. o8 305 


I0.08314 
10.08 322 


10.08 331 


10. 08 340 


10. 08 3 49 


10.08357 
10.08 366 
10.08375 
10.08 383 
10.08 392 
10.08 401 


10.25244 
10.25225 
10. 25206 
10. 25188 
10. 25169 


10. 25150 
10.25132 
10.25113 
10. 25094 


10. 25076 


10.250357 
10. 25039 
10. 25020 
10. 25001 
10. 24983 


10. 24964 
10. 24940 
10. 24927 
10. 24981 
10. 24890 


10.248 72 


10.248535 


10.248 35 


10.248 16 


10. 24798 


10.24779 
10.247061 
10. 24742 


10. 24724 
10. 24700 
10.246087 


Secant. 


55 Degrees. 


— 


— * - * 
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'Tangents, and Secants. 7 ö 
5 | 34 Degrees. "of 4 
30 9.91599 9.83713 10. 1687 10.08 401 10.2487 30 
31 9.9159 109.8374110. 16260 10. 08 409 10. 2466929 ith 
32 9.9158219.83768|10.16232] 10.08418|10.24651|28 } 
33 9.9157319-83795|10.16205|10:08427|10.24632| 27 AM 
34 9.91565]9.83822|10.16178] 10.08435 |10.24614 26 1 
35 9.91556 9.8 3849 10.161511 10. 08444 10. 2450525 31 
36 9.9154719.83876]10.16124]10.08453[10.24577|241 1 
37 9.91539 9.83903 10. 16097 10. 08 462 10. 245 5923 i] 
38 9.91530 9.83930 10. 16070 10.08 470 10. 24541122 * #4 
39 9-915211[9.83957110.16043|[10.08479|10.24522|21| "\\o 
40 9-915121[9.83984|10.16016 [10.08 488 10. 24594 20 1 
141 9.91 504 9.84011 10.1 5989 10.08 497 10.2 448619 |: 
42 9.9149519.84038|10.t5962|r0-08505|10.24467 | 18 } 
431 9- 9.91486 9.84065 10. 15935 fo. 08514 10. 2444977 AH 
44]9-75569[9-91477[9-84092] 10-15908 |10.98523 |10.24431 |16 
9.91469] 9.84119] 10.1588 110.085 32 10.244173 15 
9.91460 9.84146 10.158 54 ro. o8 540 10. 2439414 8 
9.914519.841 7310. 15827 T0. 08 549 10. 2437613 P 
9-91 442[9.84200]10.15800[10.08558]10.24358|12 4 
9.914331]9.84227]10.15773]10.08567]10.24340 11 f 
. 9.91425¼9.8425 410.1574710. 0857510. 2432210 | i 
70 9.91416 9.8428 1 10.15 720 10.08 58 4 10. 24304 9 is 
3 9.913079. 84307 T0. 15693 10. o8 593 10. 24286 8 Mi 
3 | 9.91398 9.84334 10. 15666 10.08602|10.24267]| 7] oi 
\ 9.91389 9.84361 10. 15639 10.0861 10. 24249 6 bf 
9-91381 [9.84388| 10.156121 10.086 191 10.242311 5 7 
9.913729. 8441510. 1558 510.08 628 10.242131 4 | 
$719-7580519-91363[9.84442| 10.15558|10.08637|10.24195 3 
9.91354 9.84469 10. 15531 10.086 46 10, 24177] 2 
9.91345 9.84496 10. 15504 10.086 55 10. 241 59 1 
9.913369.84523 10. 15477 10.0866 4 10. 24141 of 
> dine. | y ang. | : Secant. | < | 
3 55 Degrees. I 2 
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A Table of Artificial Sines, 


35 Degrees. 


| © ww onſawy no UN | 


Sine. 


9.75859 
9.75877 
9.75895 
9.75913 


9.75931 


Peas! 


9.75949 
9.75967 
9.75985 
9.70003 


9.76021 


9.76039 
9.70057 
9.760075 
9.76093 


9.76111 


9.70271 


9.70129 
9.76146 
9.76164 
9.76182 
9.70200 


9.70218 
9.70230 
9.76253 


9.76289 


9.76307 
9.76325 


Tang. 


9.84523 


89.845 50 


9.84570 
9.8 4603 
9.84630 


9.84057 
9.84684 
9.84711 
9.84738 
9.84764 


9.84791 
9.84818 
9.848 45 
9.84872 
9.3 4899 


9.34925 
9.84952 
9.84979 
9.85006 


9.85033 


9.85059 
9.85086 
9.85113 
9.85140 
9.85166 


9.85193 
9.85220 
9.85247 
9.85273 
9.85300 
9.85327 


10.15075 
10. 15048 
10. 15021 


10.14994 
10. 14968 


10. 14941 


10. 14914 
10. 14887 


10. 14860 
10. 14834 


| Tang. 


10. 15209 
10.15182 
10. 15155 
10.15 128 
10.15101 


10. 14807 
10. 14780 


1014753 
10. 14727 
10. 14700 
10. 14673 


| 


| 


Secant. | 


10. 15477 10.08665 
10.5450 
10. 15424 
10.15 397 
10. 15370 


10.15343 
10. 15316 


10. 15289 
10.15 262 
10. 15236 


10.08672 
10.08681 
10.08690 
10.08699 


10.08 708 
10.08717 
10.08 720 
10.08 735 
10.08 743 


10.0875 2 
10.08 701 
10.08 770 
10.08 779 
10.08 788 


10.08 797 
10. 08806 
10.08 815 
10.0882 4 
10.08833 


I0.088 42 
10.088 51 « 
I10.08860 
10.08368 
10,08877 


10.08886 
10.08895 
10.08904 
10.08913 
10.08922 
I0.08931 


10.24141 
10.24123 
I0.24105 
10.2408 7 
10.24069 


I0.24051 
10.2403 3 
10.24015 


10.23997 
10.22979 


10.23901 
10.23943 
10.23925 
10.23907 
10. 23889 


10.23872 
10.23854 
10.238 36 
10.23818 
10. 23800 


10.23782 
10. 23704 
1023747 
10. 23729 


10.2371 


10.23093 
10. 23670 
10. 23658 
10. 23640 
10.236223 
10. 23605 


| Secant. 


—— 


54 Degrees. 


FY "ae WE WO i... 11 a. 5 
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| Tangents, and Secants. 
35 Degrees. 


Sine. Tang. | | Secant. 


— — 


309.7603959. 91069 9.85327 10. 14673 10.089311 10. 23605 
3119.764139. 91060 9.8 5354 10. 14647 fo. 08 940 10. 2358729 
329.7643 19.9105 109.8 5380 10. 14620 10. 08949 10. 23569 28 
3309.764499. 910429. 8540710. 14593 710.0895910. 23552027 i 
34]9.7646619.91033[9.85434] 10. 14566 10.08 96810. 2353426 9 


f 
eee ee eee | 
359.7648 49.9 1024 9.8 5460 10. 145 40 10.08977 | 10.23516|25 1 
369.76 5029.910149. 8548710. 14513 10. 08986 10. 2349924 4 
379.765 199.9 1005 9.855140. 14486 10.08995 10. 2348123 
389. 765379. 90996 9.85 540 f0. 14460 10. 0900410. 2346322 
399.7655 49.9098 79.85 50% 10. 14433 10.0901 310. 2344621 


409.765 729. 90978 9.85 59410. 1440 10.090022 10. 23428 20 = 
4109.765909. 90969 9.8 5620 10. 14380 10.09031 | 19.23410|19 bf 
42| 9.76607|9.90960] 9.8 564710. 14353 10.09040 |10.23393| 18 4 
3319.766259. 9095 119.8567410. 14326 10. 09049 | 10.23375|17 f 
44 9.76642 9. 90942 9.8 570010. 14300 10.090058 10. 23358116 


45/9. 76660 9.90933 9.85727 [10.1 4273] 10.09067 | 10. 2334015 
49.766 779.909 2409.8 575410. 14240 10.9076 10. 23323014 5 
479.7669 59.909 159.8 578010. 14220 10.0908 510.2330513 [oe 
489.7671219. 90906 9.85807 10. 14193 lo. 09095 | 10.23238 [12 4h 
491 9.767299. 90896 9.8 5834 T0. 14166 To. 09104 10. 2327011 14 


50 9.76748 9.90887 9.85860 | 10. 14140 10.09 11310. 23253 
5109.767659. 90878 9.8 588710. 14113 T0. 09122 10. 23235 
5219.767829. 90869 9.8 591310. 14087 [To. 0913110. 23218 
53 768009. 90860 9.8 5940 10. 14060 To. o9t 4010. 23200 
549.768 179.908 5 109.8596710. 14033 10. 09149 10. 23183 


559.768 35 9.90842 9.85993 10. 14007 10.09 15810. 23165 
569.768 529.9083 2 9.86020 10. 13980 0.09168 10. 23148 
579.768 709. 90823 9.86046 10. 13954 10.09 177 10. 23130 
589.7688 79.908 149.8607310. 13927 10. 0918610. 23113 
599. 769049. 90805 9.86 10010. 13901 10.09195 | 10. 23096 
6009.769229. 90796 9.86126 | 10. 12874 To. 0920410. 2 3078 


BE | Sine. | Tang. | Secant. 


F © | 


28 


Min. 


. * 
9 — 4 ed 


0 54 Degrees. | 


oO 


[132 ] 


A Table of Artificial Sines, 


36 Degrees. 


' Sine. 


9.70922 
9.70939 
9.70957 
9.70974 
9.76991 


9.77009 
9.77026 
9.77943 
9.77061 
9.77078 


9.77095 
9.77113 
9.77130 
9.77147 
9.77164 


9.77182 
9-77199 
9.77216 
9.71233 
9.77250 


9.77268 
9.77285 
9.77302 
9.77319 
9.77336 


9.77353 
9.773 70 
9.77388 
9.77405 
9.77422 
9.77439 


S 6 wewmiawn sl NX 


—— 
— 


IFF 
AG 


17 


8122 


22 


* 
BY) 


n 
0 w Own 


9.90796 
9.90787 
9.90777 
9.90708 
9.90759 


9.90750 
9.90741 
9.90731 
9.90722 
9.90713 


9.90704 


Tang. 


9.86153 


9.86285 
9.86312 


9.86339 
9.86365 


9.86392 
9.86418 
9.36445 
9.86471 
9.86 498 


9.86551 
9.86577 
9.86604 


9.86630 
9.866 56 
9.86683 
9.86736 
9.86762 


9.86789 
9.86815 


9.86895 
9.86921 


9.86126 


9.86179 
9.86206 


9.86232 
9.86259 


9.86524 


9.86709 


9.86842 
9.86868 


| 


10.13874 
10.138 47 
10. 13821 


10.13741 


10. 13715 
10. 13688 


10. 13662 


10. 13609 
10. 13582 
10. 135 56 


10. 13529 
10. 13 502 


10. 13476 


10.13 423 


10. 13397 
10. 13370 


I0.13317 
I0.13291 


10.13238 


IO0.132I1 
10.13185 
10.13158 


| Tang. 


10. 13704 
10.1 3708 


10. 13635 


10. 13450 


10. 13344 


10. 13264 


10.13132 
10. 13106 
10. 13079 


| 
Secant. 


10.09204 
10.09213 
10.09223 
10.09232 
10.0924 


I0.09250 
10.092 59 
10. 09269 
10. 09278 
10.09287 


I0.09296 
10.09306 
10.09315 
10.09324 


10.09333 


10.09343 
I0.09352 
I0.09361 
10.09370 
10.09 380 


10. 09389 
10.09 398 
10.09 408 


10.9417 
10. 09426 


10. 09436 
10.9445 
10.09454 
10. 09 463 
10.09473 
| I10.09482 


10.2 3078 


10.23061 
10.23043 
10.23026 
10.23009 


10.22991 


I0.22974 
10.22957 


10.22939 


10.22922 


10.22905 
10.22888 
10.22870 
10.22852 
10. 22836 


10. 22819 
10. 22801 
10. 22784 
10. 22767 
10. 22750 


10.22733 
10.22715 
10. 22698 
10. 22681 
10.22664 


10. 22647 
10. 22630 
10.22613 
10. 22 595 


10.225778 


10.225561 


—— 


Secant. 


5 3 D eprees. 


Ly 1441112 1 oo — S 


( 


£331 


Tangents, and Secants. 


36 Degrees. 


Sine. 


9.77439 
9.77456 
9.77473 
9.77490 
9.77507 


9.77524 
9.77541 
9.77558 
9.77575 
9.77592 


9.77609 
9.77626 
9.77643 
9.77660 
9.77077 


9.77094 
9.77711 
9.77728 
9.77744 
9.77701 


9.77778 
9.77795 
9.77812 
9.77829 
9.778 46 


— ͥ́ —— (U 


9.77862 
9.77879 
9.77896 
9.77913 
9.77930 
9.77946 


9.90518 
9.90509 
9.90499 
9.90490 
9.99480 


9.90471 
9.90462 
990453 
9.90443 
990434 


9.90424 
9.90415 
9.90405 
9.90396 
9.90386 


9.90377 
9.90368 
9.90358 
9.903499 
9.90339 


9.90330 
9.90320 
9.90311 
9.90301 
9.90293 
9.90282 
9.90273 
9.90263 
9.90254 
9.90244 
9.90235 


| Sine. 


Tang. 


9.86921 
9.30947 
9.36974 
9.87000 
9.87027 


9.87053 
9.87079 
9.87106 
9.87132 
9.87159 


9.87185 
9.87211 
9.87238 
9.87264 
9.87290 


9.8731 7 
9. 57343, 
9.87369 
87396 
x Hen 


9.87448 
9.87475 
9.87501 
9.87527 
9.87554 
9.87580 
9.87606 
9.87633 


9.87059 
9.87085 


9.87711 


10. 13079 
10. 13053 
10. 13026 
10. 1 3000 


10.12974 


10. 12947 
10. 12921 


10. 12894 
10. 12868 
10. 12842 


10. 12815 
10. 12789 
10.12762 
10. 12736 
10. 12710 


10. 12683 


10.126 57 
10. 12631 
10. 12604 
10. 12578 


10. 12552 
10. 12525 
10. 12499 
10. 12473 
10. 12446 


10. 12420 
10. 12394 
10. 12367 
10. 12341 
10.12315 


10. 12289 


\ Tang. | 


Secant. 


10.0948 2 
I0.09492 
I0.09501 
I0.09510 
I0.09520 


I0.09529 
I0.09538 
10.09 5 48 


10.9557 
10.09 567 


10.0957 
10. 09585 
10.09 595 
10.0960 4 


10.09014 


— ———— 


10.0962? 


10,09632 
10.096 42 
10.09651 
10. 09661 


10.096 70 
10. 09680 
10. 09689 
10. 09699 
10.09 708 


10.09718 
10.09727 
10.09737 
10.097406 
10.097506 
10.097656 


10.225561 
10. 22544 
1022527 
10. 225 10 


10. 22493 


10.22476 
10. 22459 
10. 22442 
10.2242 5 
10. 22408 


10. 22391 


10. 22374 
10.22357 


10. 22340 
10. 22323 


10. 22306 
10. 22289 
10. 22273 
10. 22256 
10. 22239 


10. 22222 
10. 22205 
10.2 2188 


IO.2217T 


10.22155 


10. 22138 
10.22121 
10. 22104 
10. 22087 
10.220711 
10. 22054 


Secant. 


10 


„„ eG clow OO 


* 


— 


3 Degrees. 


I 3 


1341 


| 


A Table of Artificial Sines, 


52 Degrees. 


27 Degrees. 
| 
4 Tang. Secant. 
2 9.902359. 8771110. 12289 10. 0976510. 2205460 
Ho 9.90225 9.87738 10.1226210.09775|10.22037] 59 
2 9.9021619.87764|10.12236 |10.09784|10.22020| 58 
3 9.90206 |9.87790|10.12210[10.09794|10.22003] 57 
4 9.9019719.87817} 10.12184|10.09803 | 10.21987] 56 
5 9.9018719.87843}10.12157|10-09813|10.21970|55 
6 9.90178|9.87869}10.12131|10.09822|I0.21953} 54 
719-78053[9.9016819.87895f10.12105|10.09822|10.21937] 53 
89. 78080. 90 1599.8 7922 10. 12078 10.098 42 |10.21920| 52 
9 9-901 49 9.87948} 10.12052|10.09851|10*21903| 51 
IO 9. 901399. 87974 10.12026|10.09861 |10.21887] 50 
11 9.90130 9.88000 10. 12000 10.987010. 218 70 49] 
12 9.901209. 8802710. 11974 10.098800. 21853 48 
13 9.901119. 88053 10.711947 10. 09889 10. 2183747 
14 9. 90101 fo. 88080 To. 11921 0.09899 10.218 19 46 
15 9.90091 o. 88 105 10. 11895 10. 0990910. 2180345 
16 9. 900829. 88 131 10. 11869 fo. 09918 810.2178744 
17 9.90072 9.88158 10. 11842 10.099288 10. 21770 43 
18 9.782469. 900639. 88 184 10. 11816 10.099370. 21754 42 
199.7826319. 90053 9.88210 10. 11790 10.099477 [10.217370 41 
2009.782809. 90043 9.88236 10. 11764 10.099570. 21720 40 
21 9. 900349. 88263 10. 11738 10. 09966 10. 21704439 
22 9. 900249. 8828910. 11711 10. 09976 10. 21068738 
23 9.900149. 88315 10. 1168 510.0998610. 21671037 
2409.783469. 90005 9.88341 10.116 59 10.099095 10. 2165436 
25 9.99995 [9.88367] 10. 11633 l0. 10005 10. 2163835 
2609.783799. 99985 [9.88393] 10. 11607 Lo. 10015 10.216213 
2719.783959. 99976 9.88 420 10. 11580 10. 10024 10. 21605 [33 
2809.784129. 99966 [9.88 446 10. 11554 10. 1003410. 2158832 
29 9.99956 9.88472 10.115 28 10. 10044 10.215723] 
30 9.999479. 88498 10. 11502 10. 10053 T0. 21555 [39 
Sine. | Tang. Secant. | 
2 


5 


9 pt 


FFW . mn ae rr 


— 2 — 


— 


L135 1 


Langents, and Secants. 


37 Degrees 


Sine. 


9.78445 


9.78461 


Tang. 


9.88 498 
9.88 524 


10. 11502 


10. 


11476 


Secant. 


10. 10053 


10. 10063 


10. 215 39 


10. 21555 


9.88 5 50 
9.88577 


9.78478 


10. 11450 
9.78494 


IO.IT424 


10. 10073 
10. 10082 


10.21522 
10. 21506 


9.78511 


9.78527 


9.78543 


9.78 500 
9.78570 


9.78 593 


9.79009! 


9.78623 
9.78642 


9.78058 
9.78674 
9.78691 
9.78787 


9.78723 


9.78740 


9.78756 


9.78772 


9.78788 
9.78805 
9.78821 


9.78837 


| 9.89801 


9.88602 


9.88655 
9.88681 
9.88 707 
9.88722 


9.88759 
9.88 786 
9.88812 
9.88835 
9.88864 


9.88890 
9.88916 
9.889 42 
9.88998 
9.9899 4 


9.89020 
9-39047 
9.39073 
9.89099 
9.89125 


10. 


9.88629 


10. 


11397 


10.11372 
10.11345 
11319 
11293 
11267 


10. 
10. 


10. 
10. 
10. 
10. 


11241 
11215 
11188 
11162 


10. 11136 


10. 
10. 
10. 
10. 
10. 


11110 
11084 
11058 
11032 
1100 


10. 10980 
10. 10954 


10. 10928 
10. 10901 
10. 10875 


10. 10092 


10. 10102 
10. 10112 
10. 10121 
10.10131 


10.10141 


10. 10151 
10. 10160 
10. 10170 
10. 10180 


10. 10190 


10. 10199 


10. 10209 
10. 10219 
10. 10229 
10. 10229 


10. 10248 
10. 10258 


10. 10268 
10. 10278 
10.102338 


10. 21490 


10. 21473 
10.214357 


10. 21440 
10.2142 4 


10.21391 
T0.21375 
I0.21 342 
10. 21326 


10. 21309 
10. 21293 
10.21277 
10. 21261 


10.21228 
10.21212 
10.211965 


10. 21163 


10. 21408 


10.213580 


10. 21244 


10. 21179 


10 


12 COO 


10. 10298 
10. 10307 
10.1031) 
10. 10327 


9.788 53 
9.78809 
9.78886 
9.78902 


10. 108 49 
10. 10823 


10. 10797 
10.107771 


9.89151 
9.39177 
9.89203 
9.39229 


I0.21147 
T0.21131 
10.21114 
10. 21098 


9.78918 


9.78934 


9.89255 
9.89281 


| 


10,10745 
10. 10719 


Tang. 


10. 10337 
10.10347 


10. 21082 
10. 21066 


| | Secanr. 


52 Degrees. 


* 


— 


—— 
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"mh Table of Artificial Sines, 


38 Degrees. 


wi. oe aw of; OE 


I! 


Sine. 


9.78934 
9.78950 


9.78907 
9.78983 
9.78999 


9.79015. 


9.79031 


9.79047 


9.79062 


9.79079 


9.79095 
9.79112 


9.79128 
9- 191.44 
9.79160 


9.7917 


9.79192 
9.79208 
979224 
9.79240 


9.79256 
9.79272 
9.79288 
9.79304 
9.79320 


9-79335 


979351 


9.79367 
19.729383 

9.79399 
9.79415 


1 


Tang. 


9.89381 
9.89307 
9.89333 
9.89259 
9.89385 


9.89411 
9.899437 
9.8945 
9.89489 
9.8951 5 


9.89541 
9.89557 
9.2959 

9.89019 
9-399 45 


| 


10. 10719 
10. 10693 
10. 10567 
o. 10641 
Io. 10515 


10. 10589 
10. 10563 
10.10537 
10. 10511 
10. 10485 


10. 10459 
10. 10433 


10. 10407 
[0.10381 
10. 10355 


10. 10329 
10. 10200 


10. 10277 


10. 10250 


0. 10225 


10. 10199 
10. 10173 
10. 10147 
10. 10121 


10. 10095 


10. 10069 
10. 10040 
10. 10017 
10. 19991 
10. 19965 


5 | Tang. [ 


10. 19940 


Secant. 


10. 10347 
10. 10357 
10. 10367 
10. 10376 
10. 10386 


10. 10396 
10. 10406 
10. 10416 
10. 10426 
10. 10436 


10. 10446 
10. 10456 
10. 10466 
10. 10476 
10. 10486 


10. 10496 
10. 10506 
10. 10515 
10. 10525 
10. 10535 


10. 10545 
10. 10555 
10. 10565 
10. 10575 
10. 10585 


10. 10605 
10. 10615 


10. 1064 


10. 10595 


10. 10625 
10. 10626 


10. 21066 
10. 21050 
10. 21034 
10.21017 
10. 21001 


10, 20985 
10. 20969 
10. 20953 
10. 20937 
10. 20921 


10. 20905 
10. 20889 
10. 20873 
10. 208 56 
10. 208 40 


10. 20824 
10. 20808 
10. 20792 
10. 20770 


10. 20728 
10. 20712 
10. 20096 
10. 20681 


10. 206 49 
10. 20633 
to. 20617 
10. 20601 
10. 20585 


51 Degrees. 


10. 20760 


10. 20744 


0. 20665 


| Secant. 


9 vw , a4 _ - 


SS ASD» > 4% 


66—ͤ—»— > =. 


Ee 


3. 


[137 ] 


Tangents, and Secants. 


38 Degrees. 


_ — 


7 3 


31 Degrees. 


Sine. Tang. Secant. | 
9.79415 9.90061] 10.09940| 10. 106 46 | 10.2058 5 
9.79421 9. 90086 10. 09914 10.106 56 10. 20569 
9.79447 9.90112 10.09883 | 10. 10666 10. 20553 
9.7946 9.90138] 10.09862| 10.10576 10. 20537 
9.79478, 9.90164 10.098 36 10. 10685 10. 20522 
9-7, 434; 9.90190 10.09810| 10. 10695 10. 20506 
9.77510 9. 90210 10,0978 4 To. 10705 10.20 490 
9.77526 9.90242 10.0758 10. 10716 10. 20474 
9.79542 9. 9020810. 09732 10. 10726 Lo. 20458 
9.79558 9.90294 10.09 706 10. 10736 10. 20443 
9.77573 9.90320 10. 09680 10. 10746 T0. 20427 
9.77589 9.90246] 10.096 54 10. 1075710. 20411 
9.77605 9.99271] 10.09629| 10. 10767 10. 20395 
9.79627 9.9935 7] 10.09603 | 10.t0777|10.20379 
9.73636 9.704210. 09577 10. 10787 10. 20364 

9.79652 9.70449 10.0955 1 10. 1079710. 203 48 
5 [9.73668 9.90475 | 10.09525] 10. 10807 10.203 32 
9-7968 4 9.9050I|[10,09499| 10. 108 17 10. 20316 
9.7767 9.90527 T0. 09473 10. 10827 10. 20301 
9.77715 9.505 5310. 09447 10. 108 38 10. 20285 
9.797 9.90578 10.090422 10. 108 48 10. 20269 
9.77745 9.90604 10.090396 10. 10858 10. 20254 
9.77922 9.906 30|10.09770| 10. 10868 10. 20238 
9.779 9.906 55 To. 09344 10. 10878 10. 20222 
97771 9.90682 10.093 18 10. 1088 9 10. 2020) 
9.77809 9.90708 10. 09292 10. 10899 10.201911 
9.79825 9.90734] 10. 09266 10. 10909 10. 20175 
9.778 40 9.90 759] 10. 09241 10. 10919 10. 20160 
9.7.8506 9.90785 10.092 15 10. 109 29 10. 20144 
9.79872 9.90811] 10.090189 10. 10940 10.201 28 
9.75887 9.90837] 10.09163 | 10. 10950 10. 20113 
2 | Tang. Sccant. 


Min.| 0 , ww» wl ow we © 


— 


Wits 


A Table of Artificial Sines, 


30 Degrees. 


8 wy ali 0 u 


9.89050 
9.89040 
9.89030 
9.89020 
9.89009 


9.88999 
9.88989 
9.88979 
9.88968 
9.88958 


9.88948 


988937 
9.88927 
9.88917 
9.88906 


9.88896 
9.88886 
9.888 76 
988865 


2 [9*88855 


9.888 44 
9.88834 


9.88824 
9.88813 
988803 


9.88793 
9. 88782 


9.88772 
9.88 761 


9.88751 


9.88741 


Sine. 


Tan 8 


990837 
9.90863 
9. 90889 
9.90914 
9.90940 | 


9.90966 
yo $45.44 
9.9101 

9 * 
9.91069 


991093 
9.91121 
9.91147 
9.91172 
9.91198 


9.91224 
9.91250 
9.912 76 
9.91301 
9.91327 


9-91353 
9-91379 
9.91404 
9.91430 
9*91456 


9.91 482 
9. 91508 
9-91533 
9-91359 
9.91585 
9.91610 


10.09163 
10.09137 
IO.091I11 
19.09086 
10.09060 


I0.09034 
I0.09008 
| 70. 08952 
10.089 57 
10. 08931 


I10.05905 
10.088 79 
I0.0885 3 
10.08828 
10. 08802 


10.08 776 


10.08 750 
10.08 724 
10.086699 
10.08673 


10.086 47 
10.008621 
10.08 596 
10.08 5 70 
10.08 544 


10.08 518 


10.08 493 
10.08 467 
10.08 441 
10.08 415 
10.08 390 


Tang. 


| 


Secant. 


10. 10950 
10. 10960 
10. 10970 
10. 10981 
10. 10991 


10. 11001 
10. 11011 
10. 11022 
10.11032 
10. 11042 


10.11052 
10. 11063 
10. 11073 
10. 11083 
10. 11094 


10.11104 
10.11114 
10.11125 
10.111355 
10. 11145 


10.111566 
10. 11166 
10.111765 
10. 11187 
10.11197 


10. 11207 
10. 11218 
10. 11228 
10. 11239 
10. 11249 
10. 11259 


— — — 


IO. 2011} 
10. 20097 
I0. 20082 
10. 20066 
10. 2005 


10. 20035 
10. 20019 
10. 20004 
10. 19988 


10. 19973 


10. 19957 


10. 19942 
10. 19926 


10. 19911 
10. 19895 
10. 19880 
10. 19864 
10. 198 49 


10.19834 
10. 19818 


10. 19803 
10. 19787 
10.19772 
10. 19756 
10. 19741 


10. 19726 
10. 19710 
10. 19695 
10. 19680 
10. 19664 
10.196 49 


| Secant. 


50 Degrees. 


1 139 ] 


Tangents, and Secants. 


39 Degrees. 


, el 


Tang. 


9.91010 
9.91636 
9.91662 
9.91688 
9.88699[9.91713 


9.8868919-91739 
9.88678|9.917605 
9.88668 9.91791 
9.886579.91816 
9.886479. 91842 


9.88636 9.91868 
9.886269.91893 
9.886159.91919 
9.88605 9.91945 
9.88594|9-91971 


9.88584| 9.91990 
9.88573|9-92022 
9.8856319.92943 
9.88552 |9-92073 
9. 88 5 429. 92099 


9.88531 [9-92125 
9.88 520 9.92150 
9.88 5109.921706 
9.88499 [9.92202 
9.88489 [9.92227 


9.8847819.92253 
9.88468|[9.92279 
9-88457 
9.88447 
2 [9.88430 
9.88425 


9.88741 
9.88730 
9.88 720 
9.88709 


9.92350 
9.92381 


Sine. 


9-92304 
9-92330 


10.03 390 
10.08 364 
10.08338 
I0.03312 
10.08287 


10.08261 
10.08235 
I0.08209 
10.08 184 
10.08 158 


10.08 132 
10.08 107 
1008081 
10.8055 
10. 08029 


10. 08004 
10.079 78 
10.07952 
I0.07927 
I0,07901 


10.07875 
10.078 50 
10.07824 
10. 07798 


1007773 


1007747 
10.07721 


10.076096 
10.076070 
10.070 44 


10.07619 


Tang. 


Secant. 


10. 11259 
10. 11270 
10. 11280 
10. 11291 
10. 11301 


10.11312 
10. 11322 
I0.11332 
10. 11343 


10.11353 


10. 11364 
10.11374 
10.11385 


10.113955 
10. 11406 


10. 11416 
10.11427 


10.11437 
10. 11448 


10.114558 


10. 11469 
10. 11479 
10. 11490 
10. 11501 
10.11511 


10.11522 
10.11532 
10. 11543 
10.115 52 
10.11564 
10.115753 


10. 196 49 
10. 19634 


10. 19618 
10. 19603 
10. 19588 


—— —nd—enm————ns 


10.195772 
10.19557 
10.19542 
10.19527 
10. 19511 


10. 19496 
10.194811 
10. 19466 
10. 19451 
19.194353 


10. 19420 
10. 19405 
10. 19290 
19.193 75 
10. 19359 


10.19344 
10. 19329 
10. 19314 
10. 19299 
10. 19284 


10. 19269 
10. 19254 
10. 19239 
1.19223 
10. 19208 
10.19193 


5cant. 


| 


50 Degrees. 


| ov oe © | 


Min. | o m4 DD VU) þÞ 


„„ PI  I r r nn — 


. 
OO —ů — I re —— 
* 
* 
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A Table of Artificial Sines, — 
40 Degrees. 8 

4 Sine. Tang. Secant. 

0 9.80807 88425 9.92381 10.076191 10. 11575 10. 19193 60 
19.808221 9.88415 9.92407 10. 07593 10. 1158510. 19178 59 
29.808 79.88 404 9.92433 10. 07567 10. 11596 T0. 1916358 

319.808 5219.88 394 9.92458 10.075 42 10. 11606 10. 19148 57 
49.808671 9.88383 9.92484 10. 07516 10. 11617110. 1913356 

1 8088 219.8837219. 9251010. 07490 10. 11028 10. 1911855 
69.808 979.88 3629.923510. 07465 10. 1163810. 1910354 
519.809129.88 351 9.92561 10. 07439 10. 11649 10.19088 | 53 
819.80927|9.88 340 9.92587 10.07414 10. 1166010. 1907352 
919.809 429.88 330 9.92612 10. 07388 10. 1167010. 1905851 

10 9.30957 9.88319 9.92638 10.07362|10.11681]10.19043] 50 
119.809 729.88 308 9.92653 10. 07337 10. 1169210. 19028 49 
129.8098 9.88298 9.92689 10.073 17 10. 117020. 1901310 
13 9.8 1002 9.8828 79.927115 10.0728 5[10.11713 10. 189984) 

149.810179.882769.92740 10.072601 10, 11724 T0. 1898340 
1519.81032 882669. 92766 10.07234J10. 11734 10. 1896845 
16 9.81047 9. 8825599279210. 07209 10. 11745 [10. 1895444 

1719.81061[9.882449.92317 10.0718 210. 11754 T0. 1893943 

1189.810766 9.8 82349.928 4210.071557 10. 11766 10. 1892442 

19 [9.81091 9.88223 9.9 2868 10.071320. 11777 10. 18909 41 
2019.811069.88212|9.92894|10.0710510.11758. 10. 18894 4 

12119.811219.88201 [9.92920 10. 0708010. 11799 0. 1887939 
2219.811369.88 1919.929450 10.007055 10. 11809 10. 1886438 

12319.811519.88 1809.929771 10.007029 10. 11820 10. 188493 
249.8 1166 9.88 1609.929906 10. 07004 10. 1183110. 1883536 
25 . 1180 9.881 58 9.93022 10. 0097810. 11842 10.188200 
2619.811959.88148 9.93048 10.069 52 10. 1185210. 188053. 

12719.ë812109-88137J9.93073 10, 06927 10. 11863 fo. 18790 33 
28 9.81225 9.88126 9.92099 10. 06901 10.118 7410. 18 775 
29 9.81240 9.88115J9·93124 10.068 70 10. 11885 10. 18 700 31 
309. 812540 9.88 105 9.93150 10. 068 50 10. 1189510. 1874035 
= | — Tang. | | Sccant. | * 

| ; 49 Degrees. Fr 13 


— 


| 
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Tangents, and Secants. 


40 Degrees. 


Tang. 


9.93201 
9.93227 
9-93252 


9.98278 
9.93303 
9.93329 
9.93355 
9.93380 


9-93406 
9-93431 
9-93457 
9-93482 
9.93508 


9.93533 
9.93559 
9.93584 
9.93610 
9.93036 


9.93661 
9.93687 
9.93712 
9.93738 
9.93763 


9.93789 
9.93814 
9.93840 
9.93865 
9.93891 
9.93916 


| 


9-93150 
9.93126 


10 06850 
I0.06825 
10.06799 


10.06773 
10.06 748 


10.06 722 
10. 06697 
10.06671 
10.066 46 
10.006620 


10.06 594 
10.06 569 
10.06 543 
10.06 518 


10.06 492 


10.06467 
I0.00441 
10206416 
10.063 90 
10.06 365 


10.063 39 
10.006313 
10. 06288 
10.06 262 
10.06237 


—— — 


10.060211 
10.06 186 
10.06 160 
10.061355 
10.06 109 
10. 06084 


N 


Secant. 


— — 


10. 11895 
10. 11906 
10.11917 
10. 11928 
10. 11939 


10.1 1950 
10. 11960 
10.1197 
10.11982 


10.11993 


10. 12004 
10. 12015 
10. 12025 
10. 12036 
10. 12047 


10. 12058 
10. 12069 
10. 12080 
10. 12091 
10. 12102 


10.12113 
10. 12123 
10. 12134 
10. 12145 
10.121 56 


10. 12178 
10. 12189 
10. 1 2200 
10.12211 


10.132167 


10.12222 


10. 18 746 
10.18731 
10. 18716 
10. 18701 
10. 18687 


10. 18672 
10. 18657 
10. 18642 
10. 18628 
10. 18613 


10. 18 598 
10. 18583 
10. 18 569 
10. 18554 
10. 18 5 39 


10. 18525 
10.185 10 
10. 18495 
10. 18481 
10. 18 466 


10. 18452 
10. 18437 
10.18 422 
10. 18 408 
10. 18393 


10. 18379 
10. 18364 
10. 18349 
10. 18335 
10. 18320 
10. 18306 


| Secant. 


49 Degrees. 


2 . — 


* ">" 


Min. | 9 « © w » wn | 04 00 ol 


* 
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A Table of Artificial Sines, 


| 


41 Degrees. 


81 00 N 


— 
— 


Ww 0 
9 — 


Sine. 


9.81694 
9.81709 
9.81723 
9.81738 
9.81752 


9.81767 
9.81781 
9.81796 
9.81810 
9.81825 


9.81839 
9.81854 
9.81868 


9.81883 
9.81897 


9.81911 
9.81926 
9.81940 
981955 
9.81969 


9.81983 
9.81998 
9.82012 
9.82026 
9.82041 


9.82055 
9.82069 


9.82084 
9.82098 
9.82112 
9.82127 


Tang 


9.93916 
9.93942 
9.93907 
9.93993 


9.94018 


9.94044 


9.94009 
9.94095 
9.94120 
9.94146 


9-94171 
9.94197 
9.94222 
9-942 48 
9.94273 


9.94299 
9-94324 
9.94350 
9.94375 
9.94401 


9-94426 
9.94452 
9.94477 
9.94503 
9.94528 


994554 
9.94579 


9.94005 
9-94030 
9.94055 


69.9468 


| 


10.05319 


10.0608 4 
10.06058 
10.06033 
10.06007 
10.05982 


I0.05956 
10.05931 
10.0 5905 
I0.05880 
0.05854 


10.058 29 
10. 05803 
10.0 5778 
10.057552 
10.05727 


10.05 701 
10.0 5676 
10.005650 
10.0 5625 
10.05 599 


10.05574 
10.05 548 
10.05523 
10.05 497 
10.05472 


10.0544) 
10.05 421 


10.05 396 
10.05 370 
10. 05345 


lang. | 


Secant. 


— V—v— 


10. 12222 10. 18 306 
10. 12233 10. 18292 


10. 12244 


10. 12255 


10. 12266 


10. 12277 
10. 12288 
10. 12299 
10. 12310 
10. 12321 


10.12332 
10.12343 
10.12354 
10. 12365 
10. 12370 


10. 12388 
10. 12399 
10. 12410 
10. 12421 
10.12432 


10. 12443 
10.12454 
10. 12465 
10.124706 
10. 12487 


10. 12 499 
10. 12510 


10. 12521 
10. 12532 


10.12543 
10.125544 


10. 18277 
10. 18262 
10. 18248 


10. 18233 
10. 18219 
10. 18204 
10. 18 190 
10. 18175 


10. 18161 
10. 18146 
10.18132 
10. 18118 
10. 18103 


10. 18089, 


10. 18074 
10. 18060 
10. 180464 
10. 18031 


10. 18017 


10. 18002 
10. 17988 


10.17974 
10.179 59 


10.17945 
10.17931 
10. 17916 
10. 17902 
10. 17888 
10.178 74 


Secant. 


48 Degrees. 


e e 


1 


43 1 


Tangents, and Secants. 


41 Degrees. 


Tang. 


9.94681 
9. 94706 
23 9.94732 
9.94757 
9.94783 


9.94808 
9-94834 
9.948 59 
9.9488 4 
9.94910 


— — 


9.94935 
9.94961 
9.94986 
9.95012 
9.95037 


9.95003 
9.95088 
995113 
9.95139 
9.95104 


9.95190 
9.95215 
9.93240 
9.55200 
9.95291 


er errermrrm—mr__ 


9.95317 


9.95368 
9.953393 
9.95418 
9.95444 


9:95342 


| 


10.5319 
10.05294 
10.05 268 
10.052443 
10.05217 


10.05 192 
10.05 166 
10.05141 
10.05 116 
I0.05090 


10.05065 
I0.05039 
10.05014 
10. 04988 
10.04963 


10. 04938 
10.004912 
10.04887 


10.048 36 


10.048 10 
10.034785 
110.04 760 
110.04734 
(10.0 4709 


10.04683 
10.0 4658 
10.04633 
10.04607 
10.004582 


| Tang. 


10.04861 


10.045 56 


Sccant, 


I0.12554 
10. 12566 


10.12577 
10. 12588 


10. 12599 


10. 12610 
10. 12622 
10. 12633 
10. 12644 
10. 12655 


10.12667 


10. 12678 
10. 12690 
10. 12 700 


10. 12712 


10.12723 
10.12734 
10. 12745 
10.12757 


10. 12768 


10. 12779 
10.12791 
10. 12802 
10. 12813 
10. 12825 


10. 128 36 


10. 12847 
10. 12859 
10. 12870 
10.12881 
10. 12893 


—— 


10. 17874 
10.178 59 
10. 17845 
10. 17831 
10. 17817 


10. 17802 
10. 17788 


10.1774 


10. 17760 


10. 17745 


10.17731 
10.17717 
10. 17703 
10. 17689 
10. 17674 


10. 17660 
10. 17646 
10.17632 
10. 17618 
10. 17604 


10. 17590 
10.175 70 
10.175611 
10.17547 
10.17533 


10. 17519 
10. 17505 
10. 17491 
10.17477 
10. 17463 


10. 17449 


Secant. 


8 as Degrees. 


— 
— 
* 


— 


— — ———— nnnd 


_ 2... — —U— ) 33 — — — _ , 


[144 ] 


n 


a A Table of Artificial Sines, 


1 


— TIT SL 


42 Degrees. 


— 


Tang. 


9.95571 


9.95723 


9.95444 
9.95409 
9.95495 
9.95520 
9.95545 


9-95596 
9.95622 
9.95047 
9.95672 


9.95698 


9.95749 
995774 
995799 


9.95825 
9.95850 
9.95875 
9.95901 
9.95926 


91995952 
9.95977 
9.96002 
9.96028 
9.9053 


9.96078 
9.96104 
9.96129 
9.96155 
9.96180 
9.96205 


| Tang. 


10.04556 
10.04531 
10.04505 
10.04480 


10.04455 


10.04429 
10.04404 
10.04379 
10.04353 
10.04328 


10.04302 
10.04277 
10.04252 
10.04226 
10.04201 


10.04175 
10.041 50 
10.04125 
10.o 4099 
10.4074 


10.0 4048 
10.0 4023 
10. 03998 
10.03972 


10.3947 


10.03922 
10.03896 
0.03871, 


10.038 46 
10.03820 


10.02795 


| 


Secant. 


10.12893 
10.12904 
10. 12915 
10. 12927 
10. 12938 


— — — 


10. 12950 
10. 12961 
10. 12972 
10. 12984 


10. 12995 


——5i5ið8 VV K— 


10. 13007 
10. 13018 
10. 13030 
10. 13041 
10. 13053 


10. 13064 
10. 13076 
10. 13087 


10. 13099 
10. 13110 


— ʒw1Y— 


10.13122 
10.13133 
10. 13145 
10. 13156 
10. 13168 


10. 13179 
10. 13191 
10. 13102 
10. 13214 
10. 13225 
10.13237 


5 


— ——ů— 


10. 17449 
10. 17435 
10.17421 
10.17407 
1017393 


10. 17379 
10.17365 
10.17351 


10.17337 
10. 17323 


10. 17309 


10. 17295 


10. 17281 
10.17267 


10.172531 


10. 17239 
10.172206 
10.17212 
10. 17198 
10.17184 


10. 17170 
10.171 56 
10.17142 
10. 17128 


10.17115/36 


— — 


10.17101 
10. 17087 
10. 17073 
10. 17059 
10. 17040 
10. 17032 


— rr ere nnnerrnee ee ee 


Secant. 


47 Degrees. 


— 
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Tangents, end Secants. 


42 Degree. 


Tang. 


9.96205 


9.96231 


9.96256 
9.96281 


9.96307 


9.99332 
9.90357 
9.96383 
9.96408 
9.96434 


9.90459 
9-9648 4 
9.96510 
9-96535 
9.96 560 
9.96586 
9.96611 
9.96636 
9.96662 


9.96687 


| 


10. 03795 
10. 03709 
10. 03744 
10.03719 
10. 03693 


10.0 3668 
10.036 43 
10.03617 
10.03 592 
10.003567 


10.0354“ 
10.03516 
10.0349 1 
10. 03465 
10.03 440 


10.03414 
to. o3389 


10.03364 
10.03338 
10.03313 


— —— ne rn errnne 


10.03288 
10.03262 
10.03237 
I0.03212 
10.03186 


I0.031I61 
10.03136 
10.03110 
10.0308 5 
10.03060 
10.03034 


Tang. 


Secant. 


10.13237 
10. 13249 
10. 13260 
10.13272 
[0.13253 


10.13295 
I0.13307 
I0.13318 
10. 13330 
10.13341 


10.133353 
10. 13365 
10. 13376 
10. 13388 


10. 13 400 


10.13411 


10. 13423 
10. 13435 


10. 13446 
10. 13458 


10. 13470 
10. 13482 
10.13 493 
10. 13505 


10. 13517 


10. 13528 
10. 135 40 
10.135552 
10.13564 
10. 13570 
10. 13587 


10. 17032 


10. 17018. 


10. 17004 
10. 16990 


10. 16977 


10. 16963 
10. 16949 
10. 16935 
10. 16922 
10. 16908 


10. 16894 
10. 16881 
10. 16867 
10.168 53 
10. 168 39 


10. 16826 
10. 16812 


10. 16798 


10. 1678 5 
10. 1677/1 


10. 16758 
10. 16744 
10. 16730 
10.167117 
10. 16703 


10. 16690 
10. 16676 
10. 16662 
10. 16649 
10. 16635 


10. 16622 


Secant. 


47 Degrees. 
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A Table of Artificial Sines, | 
43 Degrees. 


| 


rr 


| = 


Sine. Tang. | | Secant. 


16514 
83487 9.86318 9.97168 10.028 32 10. 136 8210.1 
: . 9.86300 5 05194 10.02307 |10.123694|10.16500 


| = 5 
8 — r e ee e 
r 173 2 1358710. 16622 C0 

82278 [9.86413] 9.96966 10.0303 410.135 

| FI 5 $3392 9.86401 | 9.96991 10.3009 10.13 599 |10-1900Þ | 55 

0 29.834055 9.86389 9.97016 10.0298 410.1361110. 1659538 

| 31 9.83419 9.803771 9.97042 10.02958 |10.13023 82 57 

| : 9.83433 | 9-80 360 9.97067 10. 02933 10. 13634 10.165 56 

1 = 4 24461 $6354 9-970 2 10. 02908 10. 1364610. 1655455 

| 5 : * 36345 Singh 10.02883 [10.13658 10. 1654153 

li 7 

8 
9 


9.8 

9˙8 ? 
9.8347319-$033019.97143 10.02857 [10.13670|T0-10527 
9.8: 

9.8 


—— — — 
— — — — 


8 10. 16487 
83713 9.86295 | 9.97219 10.0278 110. 137051. 

5 EA 9.80283 572430162756 10.137170. 16473 
845 | | 3200 2731 12729 |10.16 460 
12 9.83540 9.862719.972591.02731J¾1913729 2 
|: 3 19-83554 |9-86259|9.97295|19-02705 | 10.1374L [10-1944 
14 9.83567 19-80247| 9.97320 10.02680|10.13753 [19-104 33 


| 1641 

83581 9.862351 9.97345 10.002655 [10. 13765 10.106419 

16 343555 288223 2.57371 10.0262910.13777 T ber 

171 9.83608 | 9.80212 9.97390 10.02604 10.13789 18916223 

18 9.836219.86200 9.97421 10.025 79 10. 13800 818235 
1919-83634 9.86188] 9.97447 T0. 02583 10. 13812 10.103 


*. * 2 * of « * n. 29 * ad , * * _ 
—— Fu . ROOTS WT RT MP CN WS. 


—_— 


— — — 


| 16352 

8 3648 9.86175 9.97472 10.025 2810. 138240. 1035 

2 9.33601 9.86164 257407 15 121285 186228 
83675 9.861529.97523110.02477 | 10-13 0.103 

2 9.833688 9.86140 97545 10.02 45210. 13800 (42333 

24 9.83701 9.86128] 9.97573|19-92427 10. 13872 10. 16299 


—— —— 


| 83715 9.8611619.975 10.040210. 13884 10. 16285: 
25875 9.80104 4444 10.02370 10.1 2098 . 
27 9.83741 9.86092 9.97649 I9.02351, 10.1390 10259 . 
28 9.83755 86089 9.97674 10. 02326 10.139201 18243 . 
| 29 9.83768 * 9.97700 1093399 [913933 45 
860 . 25 10.0227 „I. : 
S hy nn 
| Sine. | Tang. 


22 wy Degrees. 


44 955 
: * „ % 4 Y s.þ * A T's 0 * . % N N A HECLEIES, w 
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Tangents, and Secants. 


43 Degrees. 


Tang. 


9.97725 
9.97750 
9.97770 
9.97801 
9.97826 


9.97852 
9.97877 
9.9 7902 
9.97927 
9.97952 


9.97978 
9.98003 
9.98029 
9.98054 
9.98079 


9.98104 


—ů——— ——ͤ 


10.02275 
10.022 50 
I0.02224 
10. o2 199 
10.02174 


10.021 49 
10.021223 
10. 02098 
I0.02073 
I0.02047 


10.02022 


10.01997 


1001971 
[0.01945 
IO.01921 


I0.01895 


9.98130j10.018 70 


9.98155 


IO0.0I8 45 


9.98180i10.01820 


9.98206 


\10.01794 


9.98221 | I0.01 769 


9.98256 
9.98281 | 
9.98307; 
9.98372 


9.98 367 10.01643 


9.98383 
9.98 408 
9.98433 


10.01744 
10.1719 
10.016923 
10.01668 


10.01617 
10.01592 


10.015677 
9.98458 
9.8 5692 9.98484 


10.015 42 


IO.OT5I6 


Tan g. 


Secant. 


— __—__— 


[0.13944 
I0.13956 


10. 13968 
10. 13980 
10. 13992 


10. 14004 
10. 14016 
10. 14028 
10. 14040 
10. 14052 


10. 14064 
10.140706 
10. 14088 
IO 14100 
10.14112 


10.14124 
10.141297 
10. 14149 
10.14161 
10.714173 


10.141855 
10. 14197 
10. 14209 
10.14221 
10.1424 


10. 14246 
10. 14258 


10. 14270 
10. 14282 


10. 14294 
10. 14307 


— — tn 


10. 16219 
10. 16206 
10. 16192 
10. 16179 
10. 16166 


— 


10.161 52 
10. 16139 
10. 16120 
10.16113 
10. 16099 


10. 16086 
10. 16073 
19. 16060 
10. 1604 
10. 16033 


10. 16020 
10. 16007 
10. 15994 
10. 15980 
10. 15967 


10.15954 
10.15941 
10. 15928 
10. 15915 
10. 15902 


10. 15888 
10.157875 
10. 15862 
10. 158 49 
10. 15836 
10. 15823 


| Sccant. 


46 Degrees, 


— 
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A Table of Artificial Sines, 


44 


Degrees. 


* 


9.98484 
9.98 509 
9.98534 
9.98 560 
9.98585 


2|9.98610 


9.98035 
9. 98661 


9.98686 
9.98711 


9.98737 
9.98 762 
9.98787 
9.98812 
9.988 38 
9.98863 
9.98888 
9.98913 


319.98939 


9.98954 


9.98989 
9.99014 


3] 9-99940 


9.9909 
9.99090 


Tang. | 


9.99116 


9.99141 
9.99100 
9.99191 
19-99217 


9-99242 


IO.01491 
10.01 466 
10.01 440 
10.01415 


10.01 390 
10. 01365 


10.01 339 


Tang. 


10.001516 


10.01314 
10.001289 


10.01264 
10.01238 
10.01213 
10.011188 
10.011062 


10.001137 
10.01112 
10.01087 
10.010061 
10.01036 


10.0101 1 
10. 00986 
10. 00960 


[0.00935 
10.00910 


10.0088 4 
10.00859 
10.008 34 
10.00809 
10.0078 3 
I0.00758 


Secant. 


10. 14307 
10. 14319 
10. 14331 
10. 14333 


10. 14368 
10. 14380 
10.14392 
10. 14404 
10. 14417 


10. 14429 


10.14441 
10.14454 
10. 14466 


10. 14478 


10. 14490 
10. 14503 


10. 14515 


I0.14527 
10. 145 40 


10.145 52 


10. 14564 
10.14577 


10. 14589 
10.14601 


10. 14626 
10. 14639 
10.146551 
10. 14663 


| 


10.14355 


10. 14614 


10. 14676 


10. 15823 


10. 15810 


10.15 797 
10.15784 


10. 15771 


10. 15758 
10.15745 
10.15732 
10. 15719 
10. 15705 


10.156692 


10. 15679 
10. 15666 
10. 15653 


10. 15641 


10. 15628 
10. 15615 
10. 15602 


10. 15 589 
10. 15576 


10.15563 


10. 15 5ů 50 
10.15537 
10.15 524 
10.155711 


10. 15 498 


10. 15485 
10.154723 


10. 15 460 


1015447 
1015434 


Secant. 


45 Degrees. 


— 


| 
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Tangents, and Secants. 


44 Degrees. 


Tang. 


9.99242 
9.99267 
9.99293 
9.99318 
9.99343 


9.99308 
9.99394 
9.99419 
9.99444 
9.99409 


9.99495 
9.99520 
9.99545 
9:99571 
9.99596 


9.99621 
9.99046 
9.990 72 
9.99067 
9.99722 


9.99747 
9.99773 
9.99798 
9.99823 
9.998 48 


9.99874 
9.99899 


6 9.99924 


9.99950 
999975 
9.00000 


| 


I0.00758 
10.00733 
I0.00708 
I0.00682 


10.006 54 


10.006632 
10.0606 
10.00 581 
10.005 56 
10.000531 


— — — 


10.00 505 
10.0480 
I0.00455 
10.00430 
10.00 404 


10. 00379 
10.000354 
10.003 29 
10. 00303 
10.00278 


10. 00253 
I0.00227 
I0.00202 
I0.00177 
IO0.00152 


— — — 


10.001 26 
10.001101 
10. 00076 
I0.00051 
10.0002 5 
I0.00000 


Tang. 


Secant. 


10. 14676 
10. 14688 
10. 14701 


10.14713 
10. 14726 


1U.14738 


10. 14750 
10. 14763 


10.147785 


10. 14788 


10. 14800 
10. 14813 
10. 14825 
10. 14838 


10. 14850 


10. 14863 
10. 14875 
10. 14888 
10. 14900 


10. 14913 
10. 14926 


10. 14938 
10.14951 


10. 14963 
10. 14976 


10. 14988 
10. 15001 
10.150144 
10. 15026 
10. 15039 
10. 15052 


—ů— 


10.15434 30 
1015421 29 
10. 15 40828 
101539527 
10. 1538326 


10.1537025 
2015337 24} 
10.15344 234 
10.153311 22 
10. 15318 21 


10. 15 306 20 
10.152931 19 
10. 1528018 
10. 1526717 
10. 1525516 


10.152420 15 
I0.15229|I4| 
I0.15216|13 
I0.15204|12 
IO.TSIQL|ILfF 


IO.15178 
IO.X 5160, 
10.15153 
10. 15140 
10.15127 


10.151151 
10. 15 102 
10. 15089 
10.15077 
10. 15064 
10. 15052 


| Secant. 


45 Degrees. 
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A TABLE of the Declinations of ſome of the 


Principal fixed Stars. 


—_ 


Stars Names. 


— 


CHE DAR, in the Breaſt of Caſſiopeia — 
The bright Star of Aries — — — — 
Algol, the Head of Hr dia 
Adebar an, the Bull's Eye 
The Coat Star Capella — — — — —— 
The Heart of Hydra — — — — — — 5 
The Middlemoſt Star in CVion's Belt — — 
The Dog Star Syrivs — — — — — — — 
Procyon, or the little Dog Star — — — — 
Caſtor, or the Head of the Northermoſt Twin 
Pollux, or the Head of the Southermoſt Twin 
Regulus, the Lyon's Heart — 
Deneb, the Lyons Tail — ñ — — 
The Virgin's Spike — — — — — — 50 
Antares, the Scorpion's Heart — — — 
The Southermoſt of the two preceding Stars 
in the Square of the Great Bear — — — 
The Northermoſt of the ſame Two — — — 
The Southermoſt in the Two following Stars 
in the Square of the Creat Bear — — 


— — — — — 


— — (> — m — 


ö 


55 
22 


39 
15 
45 


The Northermoſt of the ſame Two — — 
The Firſt in the Tail of the Great Bear — — 


The laſt of the Three in the Tait — — 
Arcturu— — — — — — — — 
Lyra, the bright Star in the Harp — — — 
Altair, the bright. Star in the Eugle — — — 
The preceding of the two Middlemoſt in the Cro/s 
The Northern Foot of the Croſs — — — — 
The Southern Foot of the Crofs — — — 


The Second in the a.. 


5 
Gr 


The Eaſtermoſt of the four Stars in the Gyſt 53 


Declin. 


| 
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Navigation New Modelled ; 
N o R, 
. The WHOLEART Perform'd 
BY A 


NEW METHOD: 


TEACHIN G 


The Young Mariner all the Sea-Terms, 

with a Deſcription of a Ship com- 
pleatly Rigged, her Ropes 83 
deſcrib'd; with all uſeful Tables ne- 
ceſſary in the Art of Navicart1ox. 


This New Method isperformed without Tables cr 
Ioſtraments, teaching how to keepa Reckon- 
ing both in Latitude and Longitude : | 


* ILLUSTRATED WITH 


Practical ExaMeLes of Keeping a Journal, and 

| Correcting it by an Obſervation; With a new 
Way of Finding the Variation, and Time 
of Hich-WarTtR, at any Known Port. 


LIKEWISE 


A New and Correct Method for Finding the Longi- 
| tude in any Place of the World, any Diy at Noon 
when the Sun can be ſeen, without any Regard to 
or Dependance upon the Dead-R-ckonieg, as allo 
Current Sailing. | 


——— 


— 


By HENRY WILSON. 


— 


DUVB LIN: | 
Printed by GOR GrIERSON, Printer to the King's Moſt 

Excellent Majeſty, at the King's Arms and Two Bibles in 
E//ex-Street, M, DCC, L. | 
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A Ship doſcrib'd and Sea-Terms erplain d. 


12 here give you the Draught of a Ship, with her Rigg- 
ng; te 9 you may not altogether be a Stranger to the 
Nene of the Maſts and Tackle at your firſt going aboard a 
Ship; and then ſhall give you the e of the moſt uſe⸗ 


ful Sea- Terms. 


1. The Enſign. 
2. The Mizen-vane: 
3. The Mizen»top- ſail: 
4. The Gra ee -(ail- Faw 
8 The Croſs-jac 
The Nfeen rd 
7. The Main-vane. 
8. The Main- pendant. 
9. The Main- top- gallant- ſail. 
10 
11 
12 
13 
14 
15 
16 
17 


3 Main- top- ail. 
The Main, ſail. 
. The Fore-vane. 
The Fore-top-gallant-ſail. 
The Fore-top-fail. 
The Fore-fail. 
10. The Jack. 
The Sprit-ſail- top-ſail. 
18. The Sprit-ſail. 
19. The Fore-top-gallant-ſtay: 
20. TheFore-top-gallant-bow- 
lines: 
21, The Fore-top-maſt-ſtay. 
22. The Fore- tap - {ail - bow: 
liles; 
23. The Crane-line: 
24. TheFore-ſtay: 
25, The Main-ſtay: | 
25. The Main-top-maſt- ſtay. 


; 27. The Majn-top-gallant- Ray. | | 


28. TheMain-top-gallant- bow. 
; lines, 
© 29. The Fore-top-gallant-bra- 
| ces. 
| 30. The Fore-top-ſail-braces. 


31. The Maki. top-ſail - bows 


line, 


132. The Galleries. 


33. The Poop-lanthorns. 
34. The Main-top-fail-braces 


4. The Mizen- maſt. 
5 The Main- maſt. 
. The Fore-maſt; 


I 4 The Bow-ſprit. 


Mizen- top-maſt and running 
Ripping. 

a, The Mizen-top. maſt; 
b. The Mizen- top=ſail-brace; 
c The Mizen- top - fail -clews 

line. 
#4 The Mizen-top- ſail-ſheets 
e. The Mizen-top-ſail-lifts, 
J. The Mizen-crow-foot. 
g. Hoiſting-line for a Penant, 
obs The Mizen-ſheet:; 

|  Mizen-maſ!, 
4. The Main- top- -gailant-miit, 
b. The Main-top- Za! Hantà- lifts. 


| 


Je. The Main-top-gallant-yards 


d. TheMain-top-gallant-braces, 
e. The Main-top-mait. 
J. The Main - tcp - malt - backs 
fray. 
45 1 "ig Main-top- PN lifts, 

The Main- top-fail- -braces, 
h. TheMain-top-1ail- clew-liness 
J. TheMain-top-ſail-leech-lines 


n. The Main- top- ſail· bunt- lines 


* m. The 
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| m. The Main- lifts. r. The Fore- braces. 
| o. The Main-yard. s. The Fore-ſheets. 
| 1. The Main-braces. t. The Fore-tacks. | 
þ s. The Main-ſheet. v. The Fore-ſhrowds. 
| t. The Main-tacks. x. The Fore- clew- garnet. 
ö v. The Main- ſhrowds. 
The Bow-ſprit. 
Fore-maſt. a. The Sprit-ſail-top-maſt. 


a, The Fore- top- gallant- maſt. b. The Sprit-ſail-top-ſail-lifts. 
5. The Fore- top-gallant- lifts. c. The Sprit- top - ſail-· ůard. 

c. The Fore- top-gallant- yard. d. The Sprit - ſail - top - maſt. 
d. TheFore-top-gallant-braces ſhrowds. 


e. The Fore-top-maſt. _ je. TheSprit-ſail-top-ſail-braces 
f. TheFore-top-maſt-back-ſtay!f. TheSprit-ſail-top-ſail-crow- 
g. The Fore- top ſail · lifts. 1 foot. i 


— — - - 
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h. The Fore-top-ſail-braces. 5. TheSprit-ſail-top-ſail-ſheets |. 

k. TheFore-top-ſail-clew-lines|þ. The Horſe on the Bow-fprit. t 
I. TheFore-top-ſail-leech-lines|{, Standing-lifts for Sprit · ſail- 

n. TheFore-top-ſail-bunt-lines| yard. © 
m. The Fore-lifts. m. The Sprit-ſail-yard. 

o The Fore- yard. n. The Sprit- ſail- ſheets. 

p. The Fore- leech - lines. o. The Sprit- ſail-clew - lines. 

q. The Fore- bunt · lines. r. The Crane-line. "Me 


An Explanation of the moſt uſeful Sea-Terms. 


0 
8 
| A. &.-f 
FT or Abaft, fromward the Forepart of the Ship, or to» 8 
ward the Stern, as the Maſt hangs aft, that is, towards I 
the Stern. | 
Hou chear ye fore and aft? That's how fares all your Ship's 8 
Company ? Fs | 
Amain, a Word uſedby a Man of War to his Enemy, and n 
ſignifies Treld. , 
Strike Amain, that is, lower your Top: ſails. 
The Anchor is a peck, that ſignifies the Anchor is right under 


the Hawſe or Hole, through which the Cable belonging to the 
Anchor runs out. | 


. The Anchor is a Cock-hell, that is, hangs up and down by the tt 
Ship's Side. > 
The Anchor is foul, that is, the Cable is about the Fluke. m 
An Awning, a Sail or the like, ſupported like a Canopy over 
the Deck, to prevent the ſcorching Heat of the Sun in hot ÞÞ % 
Climates. | 4 ; 
| B 


7 Bale, to lade the Water out of the Ship's Hold with 
Buckets, or the like. Trenel 


ot 


el 


and Sta - Terms exalain d. 291 
Trench the Ballaſt, divide or ſeparate it. 
The Ballaſt ſhoots, that is, runs over from oneSide to the other. 
To bare with the Land, 8c. to ſail towards it. | 
Tobear in, that is, to fail before or with a Wind into a Har- 
bour or Channel. 


A Piece of Ordnance does come to bear, that is, lies right with 
the Mark. 


Bear up, a Term uſed in conding the Ship, when they would 
have her ſail more before the Wind. 

Bear up round, put her right before the Wind. 

To Belage, to make faſt any running Rope. 

To benda Cable, is to make it faſt to the Anchor. 

A Birth, a convenient Space to moor a Ship in. 

A 7 * any Part of the Rope between the End. 

The Bilge, the breadth of the Place the Ship reſts on when 
ſhe is a-ground. 

The Ship is bilged, that is, ſhe ſtruck off ſome of her Timber 
on a Rock or Anchor, and ſprings a Leak. | 

A Bittacle or Binnacle, that whereon the Compaſs ſtands. 

A Bitter, a turn of a Cable about the Bits. | 

The Bites, two main ſquare Pieces of Timber, to which the 


Cables are faſtened when the Ship rides at Anchor. 


A Bonnet, an Addition to another Sail; when they faſten it 
on, they ſay, Lace on the Bonnet ; and when they take it off, 
Shake off the Bonnet; It is very rarely faſtened to any other, 


than the Mizen, Main, Fore-ſail, and Sprit-fail ; and thoſe 


Sails are called Courſes, as Main-courſe and Bonnet, not 
Main- ſail and Bonnet. : 


A Boom, a long Pole uſed to ſpread out the Clew of the 
Studding-fail, Sc. 

Board and Board, a Term uſed when two Ships come fo 
near as to touch one another. 

To go a Board, to go into a Ship. 

To make a Board, or board it up, is to turn to Windward. 

To break Bulk,to open the Hold, and take out Goods thence. 

0 | 


Careening, is bringing a Ship tolie down on one Side, while 
they trim and caulk the other. 
Caulting, is driving of Ockham, Span-hair, and the like, 
into all the Seams of the Ship, to keep out Water. 
To chaſe, is to purſue another Ship, and the Ship ſo purſued 
1s called the Chaſe. | 


To Cond, or Cun, is to direct or guide, and to Cun a Ship, is 


to girect a Perſon at Helm how to Steer her. If the Ship go 
before the Wind, then he who Cuns the Ship uſes theſe Terms 
to him at the Helm, Starboard Port, Helm a Midſhips, Starþcard, 
i to put the Helm to the Starboard or Right-fide, to make the 
W T3. Ship 


—— — 
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Ship go to the Larboard or Left ; for the Ship always falls con. 
trary to the Helm. In keeping the Ship near the Wind, theſe 
Terms are uſed, Loof, keep your Loof. Pall not off, Veer m 
more, keep her to, touch the Wind, have a Care of the Lee«latch, 
To make her go more large, they ſay, Eaſe the Helm, no near, 
hear uß. To keep her upon the Fam Point, ſailing large, they 
uſe, Steddy, but upon a Wind, thus, thus, as you go, and the 
like. The Shipgoes Laſking, Quartering, Veering or Large; are 
Terms of the ſame Signitication, viz. that ſhe neither goes by 
a Wind nor before a Wind, but betwixt both. 

The Courſe, is that Point of the Compaſs on which the Ship 
ſails : Alſo the Sails are called Courſes, 

Cut the Sail, that is, unfurl it, and let it fall down. A Sail 


75 well cut, that is well faſhioned, 


Dead-Water, the Eddy-water at the Stern of the Ship. 

To Diſembogue, is to go out of the Mouth or Straits of a 
Gu h. 

75 Biber, is to find out the Difference of Diameters of 
Metals betwixt the Breech and Mouth of a Piece of Ordnance, 

The Deck is fiuſh fore and aft, that is, is laid from Stem to 
Stern without any Falls or Riſings. 

E 


End fir End, a Term uſed when a Rope runs all out of the 
Block, ſo that it is unreev'd; as when a Gable or Hawſer runs 
all out at the Hauſe, we ſay, the Cable at the Hauſe is run vu 
Ind for End. 5 | 


A Fathom, a Meaſure containing ſix Feet. | 
A Fack, is one Circle of any Rope quoil'd Cable or up round. 
. To Farthel or Furl a Sail, is to wrap it up cloſe together, and 


bind it with little Strings called Gaskets faſt to the Yard. 


To Fiſh a Maſt or Yard, is to faſten a Piece of Timber or 
Plank to the Maſt or Yard to ſtrengthen it, which Plank is 
called a Fi/h. 8 | 

To leer or ſtrike the Flag, is to pull it down upon the Cap, 
and in Fight it is a Token of yieiding ; but otherwiſe of great 
Reſpect. | rods 
To heave out the Flag, is to warp it about the Staff. 

Free the Boat or Ship, is to bale or pump the Water out. 


The Ship's Gage, is ſo many Foot as ſhe ſinks in the Water; 

oof to ſpeak now like a Seaman) ſo many Foot of Water as ſhe 
Iraws. : | 

Weather-Gage, is when one Ship has the Wind, or is to the 

Weather of anotker. Ds 

A Lo4m Gale, a little Wind. 

b 3 , rt 
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Goods into the Hold. | 


15 
a 


bad a good Land: fall, that is made the Land, according to our 
| | Reckoning, 


no Point is open to the Sea. 


moſt uſeful Sea-Terms; 29 
One Ship Gales away from another, is fair Weather, whe 
there is but little Wind, that Ship which hath moſt Wind, and 
ſails faſteſt, is ſaid to Cale away from the other. ; 

ToGreave a Ship, is to bring her to lie dry a ground, to burn 
off her old Filth. . B65 | 

The Ship Gripes. that is, turns her Head to the Wind more 
than ſhe ſhould. 


To Hale, is the ſame to pull. 

To over Hale, is when a Rope is haled too ſtiff, to hale it the 
contrary Way, thereby to make it more ſlack. 

T8 Hale a Ship, is to call her company to know whither they 
are bound &c. and is done after this Manner, Hoa the Ship / 
or only Hoa ! To which they anſwer Hae. Alſo to ſalute ano. 
ther Ship with Trumpets or the like, is called Hailing. 

Freſh the Hauſe, a Term uſed when that part of the Cable 
that lies in the Hawſe is fretted or cafed, and they would have 
more Cable veered out, that another Part of it may reſt in the 
Hawſe. When two Cables that come through two ſeveral 
Hawſes are twiſted, the untwiſting them is called clearing the 
Hawſe. Thwart the Hawfe and ride upon the Hauſe, are Terms 


uſed when a Ship lies thwart or croſs, or with her Stern before 


another Ship's Hawſe. Note, That the Hawſes are the great 


Holes at the Head of the Ship, through which the Cables run 


when ſhe lies at Anchor. 
Dye Ship Heels, that is, inclines more to one Side than ano- 


1 ther, as ſhe heels to Starboard, that is, turns up her Larboard- 


ſide, to ly down on the Starboard. 
To Hitch, is to catch hold, or make faſt. 
The Hold of a Ship, is that Part betwixt the Keelſon and the 


lower Deck, where all Goods, Stores, and Victuals do ly. 
*  Rummige the Hold, is uſed for 2 or clearing the Goods 


and Things in the Hold. Stowing the Hold, is when they take 


To Hoyſe, is to hale or lift up, as Hoyſe the water in, Hyofe 


up the Yards. 


Hulling, when a Ship is at Sea, and takes in all her Sails ſhe 


| | is faid to Hull, 


The Ship Labours, that is rowls and tumbles much 


Land. fall, is a term when we expect to ſee Land; as We 


Landlicked, is when the Land lies round about us, ſo that 


T4. Land. to, 


—— 
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Land- to, a Ship is ſaid to Land- to, when ſhe is at ſo great a 
Diſtance as. only juſt to diſcern the Land. 25 
70 Laſh, is to bind, as Laſh the Fiſh on the Maſt, that is bind 
it to the Maſt. | | | | 
Launch, is to put out, as to Launch a Ship, is to put her forth 
of the Dock into the Water, but it is ſometimes likewiſe uſed 
in a Negative Senſe, as when a Yard is hoiſted high enough 
uſually call aloud, Launch-hoe, that is, hoiſe no more. 
To lay the Land, is to loſe Sight of it. 
The Lee-ſhore, is that Shore againſt which the Wind blows, 
Have a care of he Lee-latch, that is, take heed the Ship go 
not too much to the Lee-ward. 
A Ship lies by the Lee, that is, all her Sails lyeth flat againſt 
the Maſts and Shrouds. Ws Fo 


Mizen-ſail, hath ſeveral Words peculiar to it, as Set the Mi. 
zen, that is, fit the Mizent-ſail; Change the Mizen, that is, 
bring the Yard to the other Side of the Maſt ; Speck the Mizen, 
that 1s, put the Yard right up and down by the Maſt ; Spell the 
Mizen, that is, let go the Sheet, and peek it up. 

To Moor a Ship, is to lay out her Anchors in ſuch a Manner 
as it is moſt convenient for her to ride by ſafely. 


Neap-tides, are the Tides when the Moon is in the ſecond 
and laſt Quarter, and they are neither ſo high nor fo low, nor 
ſo ſwift as the Spring Tides. 

A Ship is beneaped, a Term uſed when the Water does not 
flow high enough to bring a Ship from off the Ground, or out 
of a Dock over a Bar. * 


The Offing, that is, fromward the Shore, or out into the Sea; 
as the Ship ſtands for the Offing, that is, ſails from the Shore 
into the Sea. When a Ship keeps in the middle of the Chan- 


995 and comes not near the Shore, ſhe is ſaid to keep in the 
Np. 


Offward, is contrary to the Shore; as the Stern of a Ship 


lies to the Off-ward, and her Head to the Shore-ward, that is, 

her Stern lies toward the Sea, and her Head io the Shore. 
Overſet, is turning over, but if a Ship turn over on a Side, 

when ſhe is trimming a-ground, it is called Querthrawn. 


P 


To Parcel a Seam, is (after the Seam is caulked) to lay over 


138 piece of Canvaſs, and pour thereon hot Pitch or 
ar. 


To 


mee contrary, and have equal ſtrength. 


| make it tight or ſtrait. 


| ward 


ms 44 + 
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FD pay a Seam, is to lay hot Pitch and Tar on (after Caulk- 


ing) without Canvals. 
Fo ride a Peek, is when the Yards are ſo ordered, that they 
ſeem to make the Figurc of St. Andrew's Croſs. | 
To Purchaſe, in a Ship beats the ſame Senſe as draw many 
times, as the Capſtain purchaſes apace, that is, draws in the 

Cable apace. 


A 
Quarter Winds, are when the Wind comes in abaft, the 
Main Shrouds even with the Quarter. | 


A Quoil, is a Rope or Cable laid up round one Fack above 


mother, and the laying the 4 is called Quoi ling. 


A Reach, is the Diſtance between any two points of Land, 


that lie in a Right-line one from another. 
To Reeve, is to put a Rope through a Block; and to pull a 
Rope out of a Block is called ae Ee, Rope. 
To Ride, when a Ship's Anchor holds her faſt, ſo that ſhe does 
not drive with Wind or Tide, ſhe is ſaid to Ride at Anchor. 
To Ride athwart, is to ride with the Ship's ſide to the Tide. 
To ride betwixt Wind and Tide, is when the Wind and Tide 


7 Ride Hawſe-fall, is when in a rough Sea the Water 
breaks into Hawſes. RT, 
A Road, is any place near the Land where Ships may ride 
at Anchor, and a Ship riding there is called a Rooder. 
Rowſe-in, (that is, Hale in) proper only to the Cable or 
Hawſer, and is uſed when the Cable or Hawſer is ſlack, to 


S. 

A Sail, Beſides it's proper ſignification (as belonging to the 
ſeveral Yards, from which it takes its various Names, as 
Main-ſail, &c.) it ſignifies alſo a Ship, as when at Sea we de- 
ſcry a Ship, we cry out 4 Sail, A Sail; Likewiſe if we ſpeak 
of a Fleet or a Number of Ships together; we ſay the Fleet 


| | conſiſted of 40 or 50 Sail, and not 40 or 50 Ships. 


To Sarve a Rope, is to wind ſomething about it to keep it 
from jetting out. 
To Seaze, is to make faſt or bind, 


| The Ship Seels, that is, when on a ſudden ſhe lies down on 
ber fide, and tumbles from one ſide to the other. 


The Ship Sends, that is, her Head or Stern falls deep in the 


1 trough or hallow of the Sea. 


To Settle a Deck} is to lay it lower. 
The Hip is Sewed, that is, goes in and out, not right for- 


To 
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To Sud, is to try with a Line or other thing how deep N 


the Water is. 
The Ship hath ſpent her Maſts, that is her Maſts have been] 


broke by foul Weather; but if a Ship loſe her Maſt in Fight | 


ve ſay, her Maſts were Shot by the Board. 


To Splice, Ropes, is to untwiſt two Ends of Ropes, and tber! 


| twiſt them both together, and faſten them by putting the part: 


of each Rope through the other. 
The Sail is ſplit, that is blown to pi | | 
The Ship Spooms, that is, goes rig : before the Wind with. 
out any Sails. , ' | 
Spring Tides, are the Tides at New, and Full Moon, which] 
flow higheſt and ebb loweſt, and run ſtrongeſt. 
The Bow-ſprit, Stecves, that is ſtands too upright. SteevineÞ 
is likewiſe uſed by Merchants when they ſtow Cotton or Wool, 
which being fad in with Screws, they call Steeving their 
Cotton or W,ool.. 
. about, that 1 is, bring the Skip's Head about to lie the 
ot r Way. 

Tatle aft the Sheets, 21 Term uſed for hailing aft the Sheer | 
of the Main or Fore-Sail. = | 
A Windward Tide, when the Tide s againſt Wind. 

Leeward. tide, when the Wind and/ Tide 80 both one way. 
ATide-gate, where the Tide runs ſtrong. | 
'To Tide i it up, is to go with the T2 gainſt the Wind, and 
when the Tide alters, to lie at Anchor till it ſerve again. 
It. flows Tide and balf Tide, that is, it will be High- water 
ſoener by three Hours at the Shore than in the Ds. 
To Tow, is to dreg an [thing after the Ship. 
Phe . is the S 91 8 * 


Co ; . LY r ö U 
: T 0 Veer, is to 195 out „ as veer more le, veer more Sheet. 


W. 
The Ship i is Walt, chat is wants Ballaſt. 
To Meather a Ship, is to go to ory en of her. 
To Vind a Ship, is to bring her Head about. 
Hou Winds the Ship ? that is, upon what Point of the com. 
does ſhe lie with her Head? 


To Weuld, is to bind Ropes about th Vaſc or the like, 0 


dens Fila free i. 791 qe 


The Ship Yaws,, that i is. Fila inand 3 FEW: not FI 
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How to work a Ship at Sea, and to Manage her in Fight . 


S. Once you deſign to ſhew me the Practical Part of Navi- 

8 gation, I wonder you have not taught me yet how to 
work a Ship at Sea? 

7. Although I have not done it, it is not that I have forgot 
how neceſſary it is to a Beginner, but only becauſe Captain 
$turmy bath treated of it, ſo full and well in that uſeful Book 
of his, the Mariners Magazine, that I think it impoſſible to 
do it better. 

The Wind is fair though but little, it comes well, as if it 
would ſtand, therefore up a hand and looſe Fore - top- ſail in the 
Top, that the Ships may ſee we will fail; bring the Cable to 
the Capſton, heave up your Anchor, looſe your Fore-fail in 
the Brails, put abroad our Colours, looſe the Mizen in the 
Brails, is all our Men on Boad? Thoſe that be on ſhore may 
have a Tow, and be bleſt with a Ruther; for we'll ſtay for 
no Man: Come my Hearts, heave up your Anchor thay we 
may have a good Prize; come, who ſays Amen? One and all; 
O drave Hearts, the Anchor is a peek; heave out Fore-top-ſail, 
heave Wut Main-top-ſail, hawl home the Top- ſail- ſneets, the 
Anchor is away, let fall your Fore ſail, hoiſe up your Fore- top 
fail, hoiſe up your Main- top- ſail; up and looſe the Main- fail, 
and ſet him; looſe Sprit- ſail, and Sprit- ſail- top-ſail: A brave 
Gale, bring the Fore-tack to the Cat-head, and trim our Sails 
| pre ; hoiſe up our Small Sails, heave out the Mizen- top- 

ail and ſet him; now we are clear, and the Wind like to ſtand; 
hoiſe in our Boats; before it is too much Sea, aboard Main 
tack, aboard Fore-tack, a Lee the Helm handſomly. and brin 
her too eaſily, that ſhe may not ſtay : Brace the Fore-fail an 
Fore-top-ſail to the Maſt, and hawl up the Lee Bowlines, that 
the ſhip may not ſtay ; paſs Ropes for the Boats on the Lee- 
fide, and be ready to clap on your Tackle and hoiſe them in; 
ſtow them faſt, let go the Lee Bowlines of Fore Sail, and Wea- 
ther Braces: Right your Helm, hale aft the Fore ſheet, trim 
the Sails quartering as before; looſe Sprit- ſail and hawl aft the 
Sheets, and hoiſe up the Sprit- ſail, Top-ſail, and other Small 
| Sails: Set the Main ſtay-ſail, and Fore-top-fail-ſtay-fail, and 


Mizen-ſtay-ſail, and Main- top- ſail ſtay - ſail, and Lace on your 


Bonnets, that we may make the moſt of our way to our Station; 
dlear your Ropes : Come, get up your Steering fails, the Lee 
ſteering-ſails of Main-ſail, and Main-top-ſail, Fore- ſail, and 
Fore- top- ſail only, for they will ſit faireſt, and draw moſt. Thus 
Von have a brave Ship under all her Sails and Canvas, in her ſwift- 
 eſtrvay of Sailing upon the Sea ; and now let us have her 2 
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Right afore the Wind, and a freſh Gale. 

The Wind 1s veered * aft, take in your Fore and Fore. 
top-ſail, Steering · ſail, and Fore · top - ſail, and Main-top-ſail-ſtay. 

ils; for they are becalmed by the after Sails, and will only 
beat out; the Wind blows a freſh Gale, round aft the Main 
Sheet, and Fore-Sheets, „ N Yards ; take in your Main 
and Main- top-ſail Steering-Sails ; unlace your Bonnets, take 
in your Main and Fore-top-gallant-ſails ; in Sprit fail, and Mi. 
zen-top-ſail, let go the Sheets, hawl home your Clew. lines, 
caſt off Top-gallant Bow-lines. Thus you have all the fmall 

Sails in, and furled when it blows tos hard to bear them. 

en #1 The Wind veereth forward and ſcanteth. 

The Wind ſcanteth, veer out ſome of your Fore and Main. 
Sheets, and Sprit-ſail Sheets, and let #2 * Weather Braces; 
Top your Sprit- ſail- yards: The Wind ſtill veereth forward; get 
aboard the Fore and Main-tack, caſt off your Weather Sheets 
and braces, the Sails are in the Wind, hawl off Main and Fore 
Sheets, the Wind is ſharp, hawl forward the main.Bowline and 
fore Bow-line, and hawl up the main Top · ſail and Fore-top-fail 
' Bowline, and ſet in your Lee Braces, and keep her as near az 
ſhe will lie. Thus you have all the Sails trim? d ſharp, and by a Mind. 

The Wind blows frishing. - 

The Windblows hard, ſettle your fore and main Top-ſails,two 
thirds of the Maſt down, it is more Wind, come hawl down both 
Lb bus cloſe, come, ſtand by, take in your Top-fails, let go 
the Top-ſails, Bowlines, and Lee Braces, let go the Lee Sheets, 
ſet in your Weather Braces, ſpill the Sails, hawl home the T 
Sail Clewline, ſquare the Yard. Now the Top-ſails are furled, 
and you have the Ship in all her Low Sails, or Courſes. 

It blows a Storm. 1 

It is like to overblow, take in your Sprit Sail, ſtand by to hand 
the Fore Sail: Caſt off the Top- ſail Sheets, Clewgarnets, Leech- 
Ines, Buntlines, ſtand by the Sheet, and brace, lower the Tard 
and furl the Sail, here is like to be very much Wind, ſee that your 
main Hallyards be clear, and all the reſt of your Geer, clear and 

caſt off. (It is all clear) Lower the main V ard, hawl down up: 
on your down hawl: Now the Yard is down, hawl up the 

Clewgarnets, Lifts, Leechlines, and Buntlines, and furl the 
Sail faſt, and faſten the Yards, that they may not Traverſe and 

Gall. Thus have you the Ship a Trie under a Mizen. 

A very hollow grown Sea. 
We make fowl Weather, look the Guns be all faſt, come 
hand the Mizen: The Ship lies very broad off, it is better 
ſpooning before the Sea, than trying or hulling : Go Reef the 

Pore. and ſet him: Hawl aft the Fore Sheet: The Helm 
is hard a Weather, mind at Helm what is ſaid to you carefully: 


The Ship wears bravely : Steddy, She is before it: Remy De 
=P > 
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fore down hawl: Ivis done: The Sail is Split: Go hawl down 
© the Yard, and get the Sail into the Ship, and unbind all the things 
” clear of it: Starboard, hard up, eee , Port, Port hard, 
more hands, he cannot put up the Helm: A very fierce Storm, 


dhe Sea breaks A and dangerous: Stand by to hawl off up- 


on the Lanniard o 
7 


the Whip- ſtaff, and help the Man at Helm 


| Maſt? No, let all ſtand, ſhe ſcuds before the Sea very well, the 
Top Maſt being aloft the Ship is the wholſomeſt, and maketh 
better way through the Sea, ſeeing we have Sea Room. Thus 
yon ſee the Ship handled in Fair Weather and Foul, by and large. 
Now let us ſee how we can turn to Windward. 805 | 
= The Storm is over, let us turn to Windward, 
| The Storm is over, ſet Fore-ſail and Main- ſail, bring our 
Ship to : Set the Mizen, the Main-top fail, and the Fore-top- 
fail: Our Courſe is E, S. E. the Wind is at South : Get the 
Starboard Tack aboard, caft off your Weather Braces and 
Lifts: Set in the Lee Braces, and hawl forward by the Weather 
Bow lines, and hawl them tight and belay them, and hawl over 
the Mizen Tack to Windward : Keep her full, and by as near 
zs ſhe will lie: How Wind you? Eaſt a quade Wind: No near, 


Thand no near, the Wind veereth to the Eaſtward ſtill : How 
Wind you? N. E. hard, no near, the Wind is right in our 


Teeth: No near ſtill: How Wind you? N. W. by N. the 
Wind will be Northerly, make ready to go about: We ſhall 
lie our Courſe the other way, no near, give the Ship way, that 

me may ſtay: Ready ready, a Lee the Helm, let go Fore top 

Bowline, veer out the Fore ſheet, caſt off the Lee Braces of 

Jour Fore Sail and Fore Top- Sail, brace in upon your Weather 
Braces: The Fore Sails is a Back Stays: Hawl Main Sail, 

hal, let riſe the Main Tack: Caſt off your Larboard Braces: 

Let go Main Bowline, and Main top-ſail Bowline : Brace a- 

bout the Yard, hawl forward by the Larboard Bowlines : Get 

the Main Tack cloſe down in the Cheſs- tree: The Sheet is 


eloſe aft, hawl off all: Haw], get to Fore Tack, let go Fore 


© Bowline, and Fore-top-ſail Bowline : Hawl aft the Fore Sheet, 


— tight the Main Bowline, and Main-top-ſail Bowline : 


| Shift the Mizen Tack, hawl tight Fore Bowline, and Fore 
„Top-ſail Bowline : Set in the Lee Braces fore and aft, 9 


gdaer as near as ſhe will lie: No near, how Wind you? N. N 
Thus, ware no more, no near, keep her full: The Wind is at 


N. N. E. Thus, ware no more, how Wind you? E. N. E. the 


Wind is at N. keep her away her Courſe E. S. E. Caſt off the 
Tee Braces, and Weather Bowlines, and ſet in your Weather 
HPraces, veer out the Main Sheet, and Fore Sheet, looſe the 


Sprit Sail, and Sprit-ſail Top-ſail, and Mizen - top-ſail, and 
boiſe them up, the Wind veers off ſtill, = 
| rule 


Top: gallant-ſails, 


und mind what is ſaid to you ; Shall we get down our Top 
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fiſe the Pore. tack : The Wind's quartering, hawl aft the For 
by in bring ft down to the Cat Head with a paſs-a-ree : Sted. 
7 


in your Weather Braces: The Wind ſtands. This you hay: 
he Ship as at fiſt, ſteering, under all her Canvaſs, Quarter 
Wind : She hath been Leptin in all manner of Weather, and all 
forts of Winds : Therefore we will draw to a Concluſion with a 
Man of War in Chaſe and taking of her Prize, and ſo leave thi; 
Practict Part to your Cenſure. ens 
The Man of War in her Stati on. 

Now we are in our Station, and a good Latitude, hand your 
'Top- Sails, and furl your Main Sail and Fore- Sail, and brail up 
the Mizen, and let her lie at Hull, until Fortune appear in ouf 
Horizon : Up aloft to the Top maſt-head, and look abroad, 
Young Men, look well to the Weſtward, if you can ſee an 


Ships that have been Nipt by the laſt Eaſterly Winds: A Sail, u 


a Sail, Where? Fair by us: How ſtands ſhe? To the Eaſt 
ward, and is tuo Points upon our Weather Bow, and hath her 
Larboard Tachs aboard: O then ſhe lies cloſe by a Wind; we 
ſee her upon the Decks plainly : A good Man to Helm : Up 
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Young Men, and looſe the Fore Sail, Main Sail, and Mizen: ! M. 
Get the Larboard Tacks aboard, heave out the Main-top-fail, # * 
Fore-top-ſail, and looſe the Sprit- ſail, keep her as near as ſhe #1 
will lie: Hawl aft the Sheets, and hawl up your Bowlines ! 
tight, do you ſee your Chaſe? Yea: How Wind you? E.N.E Þ 7 


then the Wind is at N. hoiſe up your Top Sails as high as you 
can: Heave out Sprit Sail, Top Sail, and Mizen-top-ſail: 


Hawl home the Sheets, and hoiſe them up: A Young Mai 
looſe the Main Top- gallant · ſail and Fore-top-gallant-ſail, hav 7 
home the Sheets and hoiſe them up; hoiſe up Main ſtay-fail 
and Mizen-ſtay-ſail, and looſe the Main-top-ſail and Fore-top- Þ = 
ſail-ftay-ſails, and ſet them: It blows a brave chaſing Gale; the 


Ship makes brave way through the Sea, we raiſe her apace: If 
ſhe keeps her Courſe we ſhall be up with her in three Glaſſes: 
No near, keep the Chaſe open with the Litch of the Fore Sail. 
So, thus, keep her thus; come aft all hands, the Ship will ſteer 


the better when you {it all quiet, by her ſmall Sails, for ſhe h; be 
too much by the Head, the Chaſe is a luſty brave Ship: 80 fre 
5 gh the better, ſhe hath the more Goods in her Hold: The 


"a4 ath a great many Guns, it may be ſhe is a Privateer. 
Bort, the Chaſe is about, come fetch her Wake and we wil 


be about her: We fail far better than ſhe : We have her Wake. F 


a-lea the Helm, veer ovr Fore-Sheet : Every Man ſtand hand: 


ſomely to; his buſineſs, and mind the Bowlines and Braces, 4 
Tacks and Sheets: Haw! Main Sail, haw!: Let go Main Bow Wa. 
line, Top Bowline, Top-gallant Bowline : Hawl off all, hau, 
ſhift-che Helm, bring her to, hawl the Main Sheet and For . 


Sheet, cloſe aft: Set in the Lee Braces; hal tight the Bou. ; 


lines: 


F 8. moſt uſual Sea - Terms. 30 · 
nes: Tho Chaſe keeps cloſe upon a Wind : Keep her open un- 
- — or Lee. Gunner ſee * have all things in readineſs, 
and that the Guns be clear; and that nothing peſter our Deck. 
| © —Down with all Hammocks and Cabbins that may hinder and 
burt us. Gunner, is all our Geer ready? Is there ſtore of Car- 
mages ready fill'd, all manner of Shot at the Mainmalſt ? Is there 

 Rammers, Sponges, Ladles, Priming Irons, and Horns, Lin- 

© ftocks, Wads, and Water, at their ſeveral Quarters ſufficient for 
+ © them? Be ſure that none of our Guns be cloy*d, and when we 
re at Fight, be ſure to load our Guns with Croſs-bar and Lan- 
i | pre, always obſerve to give Fire when the Word is given. 
1, Dee that there be Half Pikes and Javelins, in readineſs, and all 
our ſmall Shot well furniſhed, and all telr Bandaleers fill'd 
Vun Powder, and Shot in their Pouches: See that our Mup- 
werers and Stock- fowlers have their Chambers fill'd with good 
„powder; and Bags of finall Shot to load them, that if we ſhould 
be laid aboard, we might clear our Decks. Starboard, the Chaſe 


0 pays away more room, Starboard hard ; veer but ſome of the 
Main Sheet and Fore Sheet: Caſt off the Larboard Braces, 


| Reddy, keep her thus: Well ſteer'd, the Chaſe goes away room, 
| 2 Sheets are both aft, ſhe is right before the Wind: Starboard 
"hard, let rife Main- tack, let riſe Fore-tack: Hawl aft Main- 


E ſneet, hawl aft Fore-ſheet : We have a Stem Chaſe, but we ſhall 
oy de up with her preſently, for we fetch upon her Hand going. 
l: The Chaſe hawls up her Main Sail and furls it, ſhe puts aboard 
an her waſt Cloaths, ſhe will fight us: Come up young Men, and 
vi © Furl our Main Sail, Sling our Main Yard, with the Chains in 
ail! the Main Top: Sling our Fore Yard, put aboard our Waſt 
p. | Cloaths, ſhe will fight us before the W ind: I ſee ſhc is full of 
the! Men, it is a hot Ship, but deep and foul : Come cheerly my 


Hearts, it is a Prize worth fighting for: The Chaſe takes in 
ber ſmall ſails, up aloft and take in our Top-gallant-fails, 
Pprit-ſail, Top-ſail, Mizen-top-fail, and furl the Sprit- ſail, and 
get the Yard alongſt under the Bow-ſprit : She puts aboard 
per Colours, they are Blue travers'd with a white Croſs, they 
re French Colours, no Force: Boy, up and put aboard St. 
Peorge's Colours in our Main- top: Step aft a hand, and put 
board our Ancient: Call all Hands aloft, Come up aloft all 


will Hande, They are all up, Captain. 0 
„e. Gentlemen, We are here employed and maintained by His 
and. Majeſty King GEORGE, and our Country, to do our Endea- 


ours to keep this Coaſt from Pyracy and Robbers, and His Ma- 


o 
aw kme: Therefore I deſire you in His Majeſty's Name, and for 
Fort ne fake of our Country and the Honour of our Engliſh Nation 


nd our ſelves, for every Man to behave himſelf Couragious like 
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ſelty's Enemies; and it is our Fortune to meet this Ship at thls 


agliſnmen; and not to have the leaſt ſhew of aCoward; but 
I a to 


- : — 2 
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to obſerve the Words of Command, and do his utmoſt Endes. 
vour: Into God's Hands we commit our Cauſe, and our Selve, 
So every Man to his Quarter, and ſnew his Courage, and Gd 
; be with you es; 3 113 2:450mmet EF .- 
.- She ſettles her Top- ſails, we are within ſhot ; let all ow © 
Guns be looſe in the Tackles, and the Ports all knockt open, 
that we may be ready to run out our Guns when the Word i; 
given. Up Noiſe of Trumpets and hail our Prize; ſhe anſwer. 
eth again with her Trumpets: Hold faſt Gunner, do not Fire 
till we hail them with our Voice; Port; Edge towards him, he 
Fires his Broad-ſide upon us: What chear my Hearts? Is al 
well betwixt Decks ? Yea, yea, only he rak dus thro? and through, 
no force, it is his turn next; but give not Fire until we are within 1 
Piſtol ſhot ; Port, Edge towards him; he plies his ſmall Shot, © 
- hold faſt Gunner; Port right your Helm; Side hath made he 
Deck thin, but the ſmall ſhot at firſt did gaul us, clap in ſome 
Cafe ſhot, we will run up his ſide ; Starboard a little; give 
Fire Gunner; that was well done; this Broad the Guns ya 
are now a loading: Brace to the Fore-top-ſail, that we may not 
ſhoot a head; he lies broad off to the Southward, to bring h 
other Broad- ſide to bear upon us; Starboard hard, get to Lat. 
board Fore-tack ; trim your Top fail ; run out your Larboad 
Guns; he fires his Starboard Broad-ſide upon us, he pours n 
his ſmall ſhot ; Starboard, give not Fire until he fall off, tu?! 
the Prize may receive our full Broad-ſide, ſteddy, Port alittle; Þ 7 
give Fire, Gunner; his Fore-maſt is by the Board; this lat] 
Broad-ſide hath done great Execution; Cheery my Mates, te 
Day will be ours: He is Shot a head; he bears up before the 
Wind to ſtop his Leaks : Keep her thus; well ſteer'd; Port, 
Port hard; bear up before the Wind, that we may give him ort . 
Starboard Broad-ſide ; Gunner, is there great ſtore of Caſe (bot 7 
and Langrel in our Guns? Yea, yea. Port, make ready to boad 2 
him; have your Laſhes clear, and able Menwiththem : Edge to. 
wards him when you give Fire; bring your Guns to bear Ne 2 
his Men with the Caſe - ſhot; well ſteer' d, we are cloſe on board; 7 
give Fire, Starboard, well done Gunner; they lie heads and points I 
aboard the Chaſe; come, aboard him bravely ; Enter, enter; ace 
are you latched faſt? Yea, yea, we will have him before we gohe a 
hence; cut up the Decks; play your hand Granadoes and Stink Re 
pots; he cries out Quarter; Qzarter for our Lives, and we uiii 
yield up Ship and Goods +: Good Quarter is granted, provided you WE ” 
will lay down all your Arms, open the Hatches, hawl down a 
yourSails and furlthem; looſe the Latchings, we will ſheer off our 
Ship, and hoiſe out our Shallop; if you offer to make any Sail, We 
expect no Quarter for your Lives; go with-the Shallop, and ſend eq 
aboard the Captain, Lieutenant, and Maſter and Maes, with 5 Wa 
many. more as the Shallop will carry. So we will leave the Ma up 
of War and his Prize, and to ſecure his Priſoners. b 
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Navigation New Modelled ; 


O R, 


The WHOLE ART Perform'd 


BY A 


* 1 CY 
Ladd bn. ahi 


NEW METHOD: 


— 
On" 


Ser. I. 
Rules and Grounds of the Method. 


2 IN Order to the 7 * Underſtanding of this New Method of 


1 Trigonometry, I ſhall proceed according to the uſual Man- 


ner, and ſhall, for the Help of Memory, lay down ſome fun- 
damental Rules or Axioms, upon which the whole Operation 


depends, and by which all the Caſes in Plain Trigonmmetry, 


both Right and Oblique, may be ſolved, without any Book, 


able, or Inſtrument whatſoever. But before I come to the 


Axioms, I ſhall premiſe, that whenever a Side and an Angle 
Is given, to find another Side, (which is the firſt and moſt uſe- 
ful Cale in Navigation) there muſt firſt be a Number found, 
hich I call the Natural Radius, not only becaule it is the 
Original, from whence the Solutions are deduced, but alſo be- 
tauſe being found, it produces the ſame Anſwer in Natural 
Numbers, that the Radius or Sine of go. produces in a Sinical 
EF roportion ; and this Natural Radius is thus found. | 


METHOD the Firſt. 


EZ Take the Angle whoſe oppoſite Side is either given or ſought, 
nd divide four times the Square of its Complement to go De- 
Ezgrces by 300 added to three times the ſaid Complement, and 
4 hen the Quotient added to the ſaid Angle is the Natural Radius 
* quiregz and this Rule is univerſally true in all Angles from 
1090, | 
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| METHOD the Second. 


But becauſe in Angles under 45, the Complements are above 
45, and their Squares amount to greater Numbers than the 
Squares of the Complements of the Angles above 45; there. 
fore to render the Work as eaſy, and the Contrivance as uſe. 
ful as poſſible, I ſhall ſhew another Way to find the Natural 
Radius for all Angles under 45, and the Rule is, 

Divide three Times the Square of the Angle (whoſe oppoſite 
Side is given or ſought) by 1000, the Quotient added to 57 : 3, 
that is 57 „) the Sum is the Natural Radius required. 

This being premiſed, the Rules are theſe. 


RULE the Firſt. In Right-angled Triangles. 
An Angle and a Side given, to find another Side. 


The Natural Radius bears always the ſame Proportion to 
the Hypotenuſe that the Angle (by which the Natural Radius 
was found) bcars to its oppoſite Side. | 

Therefore if the Angles and Hypotenuſe be given, it is ; As 
Natural Radius to Hypotenuſe, ſo the Angle to its oppoſite 
Side. But if the Angles and a Leg be given, then it is, As the 
Angle to its oppoſite Side, ſo Natural Radius to the Hypotenuſe. 


RULE the Second. In Right-angled Triangles: 
Two Sides given to find a Third, | 
The Hypotenuſe is equal in Power to the two Legs : That 
is, the Square of the Hypotenuſe is equal to the Square of 
both Legs added together; of which ſee more in Plain Sailing 
Arithmetical. 
RULE the Third. In Right-angled Triangles. 
The Hypotenuſe and a Leg given, to find the other Leg. 
Multiply the Sum of the Hypotenuſe, and given Leg by their 
Difference: The Square Root of the Product is the other Leg 
required. | 
RULE the Fourth. In Right-angled Triangles, 
Three Sides given to fud an Angle. 


Add half the longer Leg to the Hypotenuſe: Then, As that P.. 


Sum to 86, ſo the ſhorter Leg to.its oppoſite Angle. 


RULEI® 


of 


heir 
Leg 


that 


ILE 
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RULE the Fifth. In Oblique Triangles 


Three Sides given, to find where the Perpendicular muſt fall. 


W the Sum of the two ſhorteſt Sides by their Differ- 
ence, and divide the Product by the third Side, which is the 
greateſt, and upon which the Perpendicular is to fall: The 
Quotient added to the greateſt Side, or ſubtracted from it, ſhall 
be double the greater or leſſer Segment, on each Side of the 
Perpendicular. 


Another Way: 


Add the Squares of the biggeſt and leaſt Sides tagether, and 
from their Sum ſubtract the Square of the middlemoſt ; Half 
the Remainder, divide by the biggeſt Side, the Quotient is 


mand as above. 


the leſfer Segment, which ſubtracted from the whole Baſe, 


leaves the bigger Segment. 


See another Way in Axiom IV. of Plain Trigonometry, 
| SEG TT: . 
Plain Sailing by a New Method. 


I Shall now proceed to ſome Examples in Right-angled Tri- 
I angles, applied to Plain Sailing; and here note, That to 
wvoid Fractions, I ſhall propoſe the given Angle always in 
whole Degrees, that being ſufficiently exact in all Uſes in Na- 
| Vigation ; yea, and a far more exact Way, then reckoning by 


Points, Half Points, or Quarter Points; one Degree being 2 


much ſmaller Part of a great Circle than a Quarter Point of 
the Compaſs. And I ſhall make Uſe of Degrees rather than 
Quarter Points, not only for its Exactneſs, but alſo becauſe 
it's a Method much in Uſe Aboard of the Men of War, to 
5 Ong the Courſe in Degrees, and not in Points and Quarter 
Foints. | 


0 ASE I. Courſe and Diſtance given, to find the Differ= 


ence of Latitude and Departure. 


| ; Nite, i ſhall in every Caſe hereof propoſe the ſame Queſtions 
| 555 are inſerted in the ſecond Example of each Caſe of Plain 
| Oel | 


ling Trigonometrical. 


A Ship ſails South 25 Degrees, Eaſterly 96 Miles; I de- 


* 
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306 Plain Sailing by a 


The Operatien at large. 


Note, Where both Legs are 


For the Departure. 


The Angle — 25 
Multiplied by it ſelf— 25 


Angle 25, to its oppolite Sice f 


Now Method. Chap. I. [2 


required, chuſe always to find 


- the leſſer firſt ; becauſe the Natural Radius is more eaſily found, 4 
and then find the longer Leg by Rule the Third. | {ot 


The Rule I. 


As Natural Radius 59.2. to 1 
the Diſtance 96: $0 the leſſet 


125 the Departure. . 
50 4 
Square of the Angle — 625 96 596) 24000040 | 8 
Multiplied by 8 „ 200 = | 
The Produſ ———— 1875| 480 a | ; 
1875 divided by 1000 is 1.875192 Neareſt which 44 
To which add $57.3 — is the Departu- 
| 2400 req. Na 
Sum is Natural Radius 59.175 5 
Or rather briefer — 59.2 | 
Whichis exa& enough. 3 : 
Then for the Difference of Longitude/by Rule IIT. | 
Hypotenuſe or Diſtance 96.0 $ 
The Dep. in Decimals 40.5 275057 4 
— 4 \ 
Their Sum 136.5 « _ 
Their Difference — 55.5 107)11 75 
| 1169 
..” 0836 (6) 
6825 
6825 
The Product = 7575.75 


The Departure is 401 (or in 


| ence of Latitude 87. 


Seck. II. 
„ CASE II. Courſe and D 


38 3 


OF — 
. 1 8 


Plain Sailing by a New Method. 


the reſt. 


A Ship fails North 38 Degrees Weſt, her Difference of La- 
titude 120; her Diſtance and Departure is required. 

nd Here the Side oppoſite to the bigger Angle is given, there- 
id, fore we muſt make Uſe of Method I. to find Natural Radius, 
becauſe Method II. ſerves only to Degrees under 45. 


38 38 414)5776(133% 


ſſet 304 114 
Side“ 174 Joo 
1444 414 
. | 


5776 


2 
1 


el 


tw As 52, the greater Angle, to 120 its oppoſite Side: So is 


2 


dius. 


Then by RULE I. 


Natural Radius 66, to the Diſtance required. 


Then for the Departure, by Rule III. 


| 


120 

8 66 
—- — - 
| 720 

720 
| 7920 
52)7920(01 52 
272 

120 | 
— =" 


2 
< XL 


| 
The Diſtance 152. The Departure 93. 


Diſtance 152 
Diff. Lat, 120 


Sum 


272 81 


Difference 32 183) G04 


544 549 
816 (55) 
Product 8704 


U 3 


ifference of Latitude given, to find 


Becauſe the Fraction is 
1636 ſo great, I ſhall call the 

Quotient 14, which added 
394 to the bigger Angle 52, the 
Sum 66 is the Natural Ra- 


8704(93 Departure 
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CASE III. Courſe and Departure given, to find Diftancs 
: | and Difference f Latitude, _— 


A Ship fails North 19 Degrees Eaſterly, her Departure 72 
Miles; Idemand as above, hw | | 

Here the ſhorter Leg is given; therefore I ſhall find the 
Natural Radius by Methog II. 


Three times the Square of the given Angle Ig 
is 1083, this divided by 1000, which is done by 19 
cutting off three Figures to the Right-hand, — 
the Quotient is 1.083 ; which becauſe the ſe- Hd + 
cond Figure in the Fraction is above 5, I add one 19 
to the firſt Figure, which is a Cypher, and then 
call the Quotient 1.1, which added to 57.3, the 361 
Sum 58.4, is the Natural Radius required, 3 

Then for the Diſtance, by Rule I, _ 1.083 


As the Angle 19, to its oppoſite Side 72: So Natural Ra. 
dius 58.4, to the Diſtance. 


58.4 19)4204(221 The Diſtance 
aki 4⁰ required. 
— 24 
1760 —— 
4088 5 
4204.8 
Then find the Difference of Latitude by Rule III. 
Diſtance —— 221 | | = 
Departure ——» 72 ee 
OY OY 
Dun. — e yon 
Difference — 149 40)03657 
409) 3204 
2037 — 7 ar | 
717711 nr 
203 {| The Root 208, but the Fraction 


being ſo large, I rather call it 209, 
43657 he Difterence of Lat, required. 
1 


, 


CASER 


tion 


200; 
. 


4 Sc&. II. 
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F CASE IV. Diſtance and Difference of Latitude given, to 


nd Courſe and Departure. 


A Ship fails between the North and Faſt 117 Miles, her 
Difference of Latitude 102 Miles ; I demand her Courſe and 


5 Departur e. 


For the Departure, by Rule III. 


Diſtance — 117 4 
Diff. of Lat. — 103 30800 55 
25 
Sum — — 220 RD 
Difference — 14 105) 580 
2 
880 979 
220 | (55) 
Product —— 3080 The Departure 55 7. 


Then for the Courſe, by Rule IV. 


Hypotenuſe or Diſtance 117 
Half the longeſt Leg — 51.5 


Sum —— — 168. 5 ; 


As 168.5 to 86: So ſhorteſt Leg, or Departure, 55.5, ro 
its oppoſite Angle, the Courſe. 


55.5 168.5)4773.0(22 The Courſe 28 5:9 Degrees, 


Ft © 1403. o which is almoſt 3, viz. 28 De- 
—— — grees, 19 Minutes. 
3 333.0 © © 550 ; 
444⁰ 
u“ 


ASE V. Diſtance and Departure given, to find the reſt. 


A Sbüp fails in the South Weſt Quarter, 124 Miles, ker 
SH | | 


U 4--: Departure 


+ 
| 
* 
1 
& 
9 
t 
a. 
(4 
\ 
74 
* 
{ad 
k 
5 
4 
q ! 
* 
+ | 
, 
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Departure 95 Miles; I demand her Courſe and Difference of 
— 


For the Difference of Latitude, by Rule III. 


Diſtance 


„( 
Departure + 95 6351079 
| 49 
| Sum 219 NY * 
| Difference — 29 149)1451 
3 . 
ö 1971 —d 
| 438 110 
Product 0351 


The Square Root of 6351 is 79 or 80 (becauſe the Remain. ® 
der 110 is more than the Root) the Difference of Latitude 
required, 


Then for the Courſe, by Rule IV. 


Hypotenuſe or Diſtance —— — 124 
Longeſt Leg, which here is Dep. 95 its half | 47. 5 


Sum — 171.5 


As 171.5, to 86: So the ſhorter Leg (Which here is the 
Difference of Latitude) 80, to its * 4 Ang: the Com. 
plement of the Courſe. 


1 
85 171.5) 6880. 0.40 Degrees 
80 eO 
6880 5 Wo: | 1 


The S of the Courſe is 40 Degrees, and con- 
ſequently the Courſe is 50 Degrees, from the South Welterly, 1 tl 
and the Difference of Latitude is 80 Miles f-re. * 


in 
CASE VI. Difference of Latitude and Depar ture given, fo 
| to find the Courſe and Diſtence. bs 


Ship ſails in the North Weſt Quarter, till her Difference | 10 


On- 


ly, 
zen, 


nce 


of 
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of Latitude be 220 Miles, and her Departure 108; I demand 


the reſt. 
For the Diſtance by, Rule II. 


220 108 Square of Diff. Lat. 48400 
220 108 Square of Departure —— 11664 
440 864 | 9 
44 1080 Sum of the Squares — 60064(245 
48400 11664 | 4 
44 )200 
Then for the Courſe, by Rule TV. | 176 
485) 2464 
As 355, to 86: S0 108 to the Angle | — 
of the Courſe. | 2425 
| (39) 3 
108  355)9288(26 The Diftance is 
86. 2188 245, and the Courſe 
— 26 5 Degrees, or 
684 58 26d. gm. or N. N. 
864 W. ſome what more 
9288 


S EG T. III. 
Oblique Triangles, by a New Method. 


Hino te ſolve all the Caſes in Oblique Plain Triangles, by this 
| New Method, without any Canon, Book, Inſtrument, &e. 


IN the Solution of Oblique Triangles, by this New Method, 

| 1 it is neceſſary that oy be firſt divided into two right-angled 

© Triangles, by a Perpendi | 

Let it fall from the End of a given Side, and oppoſite to 
the given Angle. | 


cular let fall, in which obſerve : 


By this Means, the Perpendicular will ſometimes fall with- 


in, and ſometimes without; when it falls within, it falls upon 
ſome intermediate Part of the Baſe, or longeſt Side; but when 
it falls without, it falls upon one of the ſhorteſt Sides continu- 
ed; in either Caſe, there is two right-angled Triangles pro- 


* 


duced, and then the Angles or Sides ſought are found as if 
S they were Parts of a right-angled Triangle. 


CASE 


: 
ic, 
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| CASE 1. 


The Angle at A 0.0 ) 
Civen The Angle at B 45.0 > Required the Side A C. 


The Side BG 290 


Here the Perpendicular falls from the End of the given Side 

BC, and oppolite to the given Angle at J; then in 

Fig. 48. the Triangle B DC is given the Angle at B, and 

the Side B C, to find the Side CD, which being 

found, there is given in the Triangle AD C, the Angle at 4, 
and the Side D C, to find A C, the Side required. 

I ſhall not trouble the Book with the Operation for finding 
Natural Radius, it having been often enough repeated in the 
former Part; but being found by Method I. the Natural Ra. 
dius for the Angle 45 16 63.62 . therefore, As 63.62, to Side 
CB, 290; ſo 45; the Angle at B, to Side oppotite CD. 


45 63.62) 130 50. 000 205. The Side CD 205, 
. 326. o 


_ 


EA, 


Now in the Triangle AD C, is given the Angle at 4 30d 


em. and the Side D C 205, to find A C. 


The Natural Radius found by Method II. for the Angle 30 


is 60. Therefore, 


As the Angle at A 3o, to Side oppoſite D C, 205: So 6 


to the Hypotenuſe 4 C required. 
205 30) 123000 40 The Side AC required. 
3. Py 


— .00 
12300 0 


CASE II. 


he Side AB 1 
given 4 The Side AC 410 > Required the Angle at C. = 
| Here] 


The Angle B 45.0 


81 
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lere the Perpendicular falls without, upon the Side BC 

continued, and in the Triangle B DA there is given 

* the Angle at Þ 45, and the Hypotenuſe 4 B E 4 to Fig. 49. 

find AD, which being found you have given in the 
Triangle CAD, the Hypotenuſe CA, and the Leg AD, to 

find the Leg CD, and the Angle DAC; and by Subtraction, 

the Angle D CA, and the Angle B CA. in their proper Caſe 
of right-angled Triangles. | 


: $ The Operation, ; 
The Natural Radius for the given Angle 45, is 63.62, as 
1 9 3 
> | found by Method 1 : Therefore, as 63.62 to the Hypotenuſe 
„ $60; So the Angle at B 45, to Side oppoſite AD 
A 560 63.62)25200.00(396 the Side AD. 
ce 45 ES 
= — 388. 20 
0 2800 : * 
| 22.40 | 6.48 
25200 
| I you have AD 396, and AC 410, to find CD by Rute 
III. thus: | : 
Side AC 410 1 | 
Side AD ——— a 2396 | 11284(106, the Leg CD. 
| — | I 
Sum 864 —— | 
| Difference ——» 14 200012 g 
0. . oy 
| 6 | 206)128 
06 206) 1284 
30 | — 1236 
6 Produft — 11284 — 
| Then for the Angle CAD. by Fzlc IV. | 
Eypotenuſe AC —— 410 As 608 to 86, fo 106 to the 1 
Half the Leg AD 198 Angle CAD. N 
— ̃ 106 608) 91160144 f 
8 86 3036 | [ 
036 6 ö 
848 | 1 
ö | 9116 


Tere | | ; ; | The | 


1 
th 


CS 


3 14 ' Oblique Sailing by a New Method. Chap. 1, 
The Angle CAD is 14 $24 or rather 15 Degrees; which 
ſubtracted from 9o, leaves ACD, 75 Degrees; and that ſub. 
tracted from 180, leaves 105 Degrees, the Angle ACB re. 
uired, ; | 
2 AS E III. Given as * ty II. to find the Third Sit: 
C. 


In the whole Triangle BDA, you have given the Angle 
ABD 45, and the Hypotenuſe BA 560; allo by Conſequence, th 
the Angle BAD, which is alſo 45, to find the whole Side BD; 
but in this Caſe the acute Angles being 2 og „ v:2.45 Degrees, 
the Leg BD is equal to AD, viz. 396; then having found? 
CD 106, by the ſecond Operation in Ca/e IT. ſubtract it from Þ 
the whole Side BD 396, the Remainder 290 is the Side BC Þ 


required. 
CASE IV. = 


The Side AC 410 
Given 4 The Side AB 560 & Required the Angle at B. 
The Angle at A Zo. o . 
| | e N | > 
In the Triangle AEC, is given the Angle at A 3o, and the] th 
Hypotenuſe AC 410, to find CE, which by the firſt B. 
Cafe hereof is found to be 205, and therefore Ineed Fg. 50 
not repeat the Operation. Then in the ſame Tri- 1 
angle ACE, there is given the Sides AC 41, and CE 205, to 
find the Side AE by Rule III. WO 5 
| 27 8 . j lel 
AC — — 410 | 12607 5(3 55, the Leg AF Þ 
CE — 205 1 | — 
Sum — 615 65) 360 | l 
Difference OO . 
3075 705)3575 1 
12300 | a 5 | 1 R 
Produet — 126075 © 50 LS - 


The Leg AE 355 ſubtracted from the whole Side AB 56, Þ 
reſt EB 205; then in the Triangle BEC, you have given BL Þ _ 
205, and EC 205, to find CB by Rule II. and the Angle Bb) 
Rule IV. but in this Caſe, EC and EB being equal, the Ange“ 1 
at B is proved 45 Degrees, without Calculation. 451 : 


ö | ec. III. Oblique Sailing by a New Method. 315 
CASE V. 
& | Given as in Caſe IV. to find the Third Side BC. 


Although this is the fifth Caſe in the Trigonometrical Opera. 
le if tion, yet the Side BC is neceſſarily found in Caſe IV. before 
© | the Angle at B can be found; and therefore, although the Ope- 
ration in Caſe IV. be ſomewhat tedious, yet both the Fourth 
e, and Fifth Caſes are included in it. 


Nl CASE VI. 


AB — 560 
Given 440 — 610 Feen the Angle at A. 
30 — 290 
Find AE by the Rule laid down in Axiom IV. of 
Plain Triangles. As the Baſe AB 560, to the Sum Fig. 51. 
of the other two Sides, 7co : So the Difference of 
the! the ſaid Sides 120, to the Difference of the Segments of the 
' Baſe AD 150, as by the Operation below. 


0 + 
10 56.0)8400.0(15o To the half Diff. 75 add the 
„o 700 280 half Baſe 280, the Sum 355 is 
— the greater Baſe AE; but ſub- 
$4000 . ooo tracted, the Difference is the 
leſſer Baſe EB 205. 
AL | 
| Then in the Triangle AE C, there is given AC 410, and 
AE 355, to find CE by Rule III. and the Angle at A by 
Rule IV. | | 
The Side AC — 410 42.096 
5 | 42075(205 
EN The Side AE m_—_ 405)02975 
1 ee. 8 
Their Sum —— 765 — 
Iheir Difference— 55 8 | 
MW The Square Root of 42075, 
50% 35 iz. 205 is the Side CE re- 
* 1 3825 quired. | 
ih - 8 
age“ Product — 4079 


Then, by Rule IV. find the Angles at 4. 


Hypotenuſe 


316 


As 587.5, to 86: So CE 205, to the Angle oppoſite at 4 | 


30. 


Although this Method be not altogether ſo expeditious fu 
Oblique Triangles, as the Calculation by Logarithms, be. 
cauſe you are obliged to divide every oblique Triangle into 
two Right-angled ones, which ſometimes requires two Ope. Þ 
rations; yet I thought fit to inſert it to make the Methol 
compleat, it being of great Uſe when Tables are wanting, Þ 
and of ſufficient Exactneſs for moſt Uſes in Navigation; bu 
the Right-angled Caſes, as performed hereby, I ſhall recom. Þ 
mend to the Reader, as 4 Thing very uſeful, ſufficiently exaG; Þ 
and as expeditious as any Method commonly in uſe. 


How to find the Difference of Longitude, and keep 4 Reckoning 
bath in Latitude and Longitude, by this New Method of Tri. 
gonemetry, (as applied ts Navigation) without the Help 
any Tables or Inſtruments whatſiever, according to Midi! To 
Latitude, which ts of ſufficient Exadneſs ſer the Workin? 
ſhort a Diſt 


ſtance as a Day's Run, and conſequently of greitÞ 


otenuſe 


Their Sum — 


205 
86 


1230 


$640 


17630 


Oblique Sailing by a New Method. 
Hyp 
Half the longeſt Leg 


410 


177.8 


— — 


587-5 


Chap. 


887.5) 17630. 2030 The Angle at 4 


5 


3 | 


50 


S EGT. IV. 


Uſe in Navigation. 


FX 


req. 


- 
"—— 

8 
x 


Y =» Wy. 0. + my - 


; 


PA 


Ov may remember, that in Middle Latitude Sal ling Tri: Shi 
gonomical, there is a Proportion for finding the Difference 


of Longitude; which is, As Sine Complement of Middle Lz Þ tent 
titude, is to the Departure; So is Radius, to the Difference oi | 


Longitude, And therefore in Middle Latitude Sailing Geome. 1 

trical, one way which I have propoſed for projecting Mida. 
Latitude Sailing, is, by conſtituting a right-angled plain TH. 
angle, whoſe Augle at the Baſe is equal to the Complement !“ 
of Middle Latitude, and the Perpendicular is equal t 


O the De- 4 
partur ÞE 


a 


2 


| 


AF ficient Inſtances in the ſix Caſes of Plain Sailing before going, 
where any two Parts being given, the other two are eaſily 
found. Nevertheleſs, that nothing may be wanting for the 
AW Reader's Inſtruction, I- ſhall inſtance in one Queftion for Ex- 
ample's ſake, which I ſhall firſt work by this New Method, 
and then by the Method propoſed in Middle Latitude Sailing 
* Trigonometrical ; and laſtly, ſhall work the ſame by Mercator, 
to let the Reader ſce the Sufficiency and Exactneſs of this new 
and uſeful Invention. 
Queſtion. A Ship in Latitude 58d. om. North, ſail South 25 
Degrees, Eaſterly 96 Miles: I demand the Latitude come to, 
fr and allo her Departure and Difference of Longitude. 
be.] The Courſe and Diſtance is the ſame as in the Queſtion in 
into Cafe I. of Plain Sailing, as performed by this New Method, 
pe. and therefore I ſhall refer you to the Operation there for find- 
bot ing the Difference of Latitude and Departure. The Difference 
ing, of Latitude being there found to be 87, and the Departure 403 
bu br 40.5, and therefore (the Courſe being Southerly) the Lati- 
om. tude come to is 56d. 33m. and conſequently the Middle Lati- 
ach tude, found by the Direction and Caution laid down iu Caſe I. 
| 'of Middle Latitude Sailing Trigonometrical is 57d. 17m and the 
| Complement of Middle Latitude is 32d. 43m. From 
| hence, by the foregoing Directions, is conſtituted the Fig. 52 
Triangle 4BC, wherein the Angle at A is equal to 
ning e Complement of Middle Latitude 32d. 43m; and the Side 
Tri oppoſite BC, is equal to the Departure 40.5; both which are 
% Sven to find the Hypotenuſe AC, equal to the Difference of 
ladet Songitude required; and here the Side oppoſite to leſſer An- 
% de being given, I ſhall find Natural Radius by Method II. 
greu And here obſerve, that although in Queſtions of Plain Sailing, 
ou need not regard Minutes in the Angle of the Courſe, be- 
| Gule whole Degrees are exact enough to keep Account of a 
; Tri Þ Ship's Way ; yet in this Caſe you muſt not omit the odd Mi- 
rene] lutes in the Angle; and therefore reduce the odd Miautes to 
e Li © Rnths of a Degree, accounting 6 Minutes for one Tenth 
ice 0) Ma Degree, and 12 for two Tenths „Oc. And then 42 Mi- 
eome- Ates is 7 Tenths; and this Angle being 32d. 43m. I ſhall 
ia Al it 32.7, viz. 32 and 7 Tenth, it being but one Minute more, 
Tri. Mich cannot cauſe any greater Error in the Operation. 
ement ! | For 
je De- 


rtur 
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” parture: And then by that known A of oppoſite Sides, 
Oppoſite Angles, it will neceſſarily fo 
m 


ow, that the Hypotenuſe 
needs repreſent the Difference of Longitude; which be- 


ing granted, there is no more to do for finding the Difference 


of Longitude, but only the Solution of the ſaid right- angled 
Triangle; of the ſeveral Varicties of which you have had ſuf- 


| For finding Natural Radius, by Method II. 
The Angle ——— 32. 


Then, becauſe the Hypote. 
Mult. by itſelf ——— 32. 7]auſe is required, the Proportion 


18 


As the Angle 32.7 is to its 
654 ſoppoſite Side 40. 5: So is Na. 
tural Radius 60. 5, to the Hy. 
| potenuſe, 

Sq. of the Angle 1069. 29 | 

Mult. by — „ 60.5 327) 2450207405 
| 40. 5 1612 


= — —— — 


The Produètt — 3207.87 
| 30.25 304 

Divided by 1000, the ProduQ|2420.0 5 

is 3. 207, but it is exact e-. — 

nough to call it 3.2, whichſ 2450. 25 

added to 57. 3 the Sum 1s 


60. 5, the Natural Radius re- The Product of the Mult. Þ 

quired. plication is but 2450, the other 
two Figures being but a Decimal Fraction, are to be cut off; 
hut becauſe the Diviſor 32.7 is a Decimal, I add one Figure to 


the Dividend, as you lee in the Operation above, 


The Difference of Longitude is 7432*, which without exacty Þ 


3279 


regarding the Fraction, may be ſet down 75: And this Operz- 


tion may be performed with great Eaſe and Readineſs, witha Þ 
little Practice, although I have here ſet it down in Words u 


large, to make it more intelligible. 


The ſame Queſtion anſwered by Middle Latitude Sailing Trig! 5 


nometrical. 


IND Difference of Latitude and Departure, and conlſe- Þ 

_ quently the Latitude come to, with Middle Latitude and) 
Complement of Middle Latitude as in Caſe I. of Middle Lali. 
tude Sailing Trigonometrical, which will be found to be as a Þ © 


bove expreſſed. 


Then for the Difference of Longitude. 
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d. m. C1 
As Sine Comp. Mid. Lat. 3 — 9.73270 | 1 
Is to the Departure — 40. 5 — 1.60% 
So is the Radius — 90 00 — I ©,c0000 4 
To the Diff. of Longitude 74.9 = I. 87467 Þ 


The Þ ; 
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The foregoing Queſtion arſwered by Mercator”s Sailing. 


5 i 
3 
* 
1 
1 


IN D Difference of Latitude, and conſequently the La- 

titude come to, as in Mercator's Sailing Trigonometrical, 
and you will find the Latitude come to is 56d. 33m. and the 
Departure 40 or 40. 5. 


1 4 . 2 — - — _ 
mn CY _- — — — —— r — by * * — 
_ — 5 : — — - — — — o - _ * - * 
TI 
— — 4 * © 4 
- I 4 : 52 » * p 4 
1 * » 7 7 by 0 — i A n 
== bs —_ = 3” a —_ — F — = C — = 
— * 2 
8 1 1 . N — * — * = \ 
— 
—— — > > 
— 4 > | 
2 — — 


And thus you ſee the exact Agreement of this with the true 


' Latitude failed from — 58d. 8 : 4294 | 
| J Latitude come to —— 50d. 33m. Merid. Parts 4133 
1 Meridional Difference of Latitude — 5 | 
1 Then, Co... Ar. i 
As proper Difference of Latitude 87 ——— 8.06048 by. 
To Merid. Diff. of Latitude IQT : — : 2, 20082 1 1 
So is the Departure 40.5 — 1.607 45 9 
1 Ss - 34 
To the Difference of Longitude 74.9 1.87475 bl 
1 


— * 
be 


* 
Operation, as performed by Mercator”s Sailing; it not differ- 
9 ing from it ſo much as one Quarter of a Minute in TS 

in ſo great a Diſtance as 123 Miles, and in a Latitude ſo near 
the Pole as 58 Degrees, where there is much more Danger of 


y Þ * contrafting an Error than in leſſer Latitudes, or Voyages $51 
T - © nearer the Equinoctial. 0 
ry by 
" — — — 

3 
0 


4 Practical Navigation; Or the Application of the forego- 
. ing Rules to the actual keeping of a Reckoning, accord- 
ih 71g to the ſeveral Kinds of Navigation. 

ati« A 


4 
2% 


+ HERE are four Things very neceſſary to be known by all 
+ of that take upon them the Charge of conducting a Ship 
from one Part of the World to another, which may properly 
be called the Practical Part of Navigation. 
Ihe firſt is a right Underſtanding of the Compaſs, with the 
Variation thereof, in order to the true Knowledge of the Courſe * 


3270 © Made good, 

7% The ſeeondis the Log-line and Half. minute Glaſs, that the 
15 $aots on the Log - line be a due Length, and that the Glals be 
74 a 
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a juſt Half minute, that thereby you may as near as poſſible 
find the true Diſtance. : 

The third is the right Manner of taking and working an Ob. 
ſervation by the Sun by Day, or by the Stars by Night, there. 
by to find the true Latitude, and to correct the Dead Reckon. 

ing, if there have been any Error contracted either in the 

Courſe or Diſtance. 

And, fourthly, having by theſe Means and Helps finiſhed 
your Reckoning, and being come near the deſired Port, it is 
alſo neceſſary, that there be a right Underſtanding of the Tides, 
which Way the Ebbs and Floods ſet, and what Moon makes 
full Sea upon any Coaſt, that fo it may be known how long 
to ride at Anchor, or lie by to wait the Tide, if you know 
you be too ſoon ; or what Sail to make to ſave your Tide, if 
you fear being too late: And theſe four Things I ſhall handle 


r » , * _ 
4 E,oe4 DIE 2 9 7 * 


in this Part, and that in ſuch a Manner, as may be intelligible | 
to the meaneſt Capacity, and moſt uſeful as well as moſt eaſy 
to be put in Practice at Sea. ; 
0 

t. 8 

0 

Of the Variation of the Compaſs, ES b 

8 

1 Way commonly taught for finding the Variation oi ti 
the Compaſs, is by the Sun's Azimuth, or Amplitude! P 


but theſe Ways not being attainable by any but them that hate 


learned ſomething of Aſtronomy ; and being alſo treated of in Þ tt 
other Books, I ſhall not trouble the Learner with them, but! _ ** 
proceed to a far eaſier Way, which is this: * ln 

When you are at Sea, and deſire to know the Variation of Þ |; ft 
the Compaſs, take your Quadrant about 8, 9, or 10a Clock, Þ po 


when you ſuppoſe the Sun is near about half up from the Ho-] 
rizon to the Meridian, and take an Obſervation of the Sun's Þ : 

Altitude, as you would do at Noon to find the Latitude gf ſh, 
the Place; which being done, lay by your Quadrant (letting © 27 
the Vanes remain unremoved) and by your Azimuth Compas 7 the 
(if you have one on Board) ſet the Sun, and mind what Point #7 

of the Compals the Sun is upon at that Obſervation. TE Co 


done, wait till the Afternoon, that the Sun grows almoſt s ref 
low as he was when you obſerved in the Forenoon, and tuen 85 
with your Vanes fix'd as in the firſt Obſervation, obſerve iii __ 


the Sun be ſo low as that the Vanes ſo fixed will juſt take ti: f 
Sun's Altitude without altering them; which done, obſerve AY A: 
immediately (as before) upon what Point ot the Compal the ©** 


Sun is at that Obſervation : Then the Space between ht 
| Point 


N * 1 | 
W 
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point which the Sun was upon at the firſt Obſervation, and 
that Point upon which the Sun was at the laſt Obſervation, 
divided into two equal Parts, the Middle is the true South 
Point of the Compaſs, and the Diſtance between that and the 
South Point of the Card, is the Variation required. 


Example. 


Suppoſe at the Forenoon Obſervation J find the Sun by the 
Compaſs to be South-Eaſt (it matters not what his Altitude 
be, 10 you mind what it be, or elſe let the Vanes ſtand un- 
removed till the Afternoon) and ſuppoſe in the Afternoon 1 
find, when the Sun hath the ſame Altitude, that he bears 
Welt South Welt ; now the Diſtance between South Eaſt and 
Weſt South Weſt ; is ten Points, the Half of that is five 
Points, which reckoned from South Eaſt towards the Welt 
South Wet, it falls upon the South and by Weſt ; therefore 

I conclude that the South and by Weſt Point of the Compaſs 
points to the true South Point, and the Diſtance between the 
South and by Welt Point (which is the true South) and the 
South Point of the Compaſs (which we may call falſe South, 
or magnetical South) is the Variation of the Compaſs ; and 
| becauſe the magnetical South is Eaſtwards from the true 
- South, therfore the magnetical North is Weſtward from the 
true North. Hence I conclude, that the Variation is one 
Point Weſterly, &c: 7 
In this Caſe there is only this Caution to be obſerved, biz. 
that this Obſervation be not made when the Ship is running 
very faſt Northwards or Southwards, which may make ſome 
- ſmall Error, though ſcarce diſcernible ; for if the Ship ſtood 
- ſtill, the Sun would have exactly the ſame Altitude at 8, g, 
10, in the Forenoon. that it would have at 2, 3, 4, in 6s 
Afternoon; but if the Ship fails very faſt to the Southwara 
m North Latitude, or to the Northward in South Latitude, 
ſhe raiſeth the Sun a little, and by Conſequence the un 
will be ſomewhat higher at 4 in the Afternoon than at 8 in 
Morning, and may cauſe ſome Error, but it is little, and 
2 Thing that ſeldom happens: And if it do happen that your 
Courſe be North or South, and the Wind fo fair, you may 
refer your Obſervation till another Day, (it being not ne- 
ceſſary to ſet the Variatien every Day) and thereby the Er- 
ror may be avoided, and yet the Variation exactly found as 
often as is neceſſary. 
Vote, I hall ſhew how to find the Variation by the Sun's 
- 3 4zumuth and Amplitude hereafter in the Aſtronomical Part. 
1 =. | X 2 r. 
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322 Of the Log-line, and Half. Minute Glaſs. Sect. Il. 
SECT ii... 


How to divide the Leg-line, and try a Half- Minute Glaſs. 


FT*HEY that take upon them to be Maſter, Mate, or Pilot 
of a Ship, and would be very exact and accurate in 
the keeping a Reckoning or Account of the Ship's Way, 
ought'to take care before they go from the Shore, to be 
furniſhed with all Things neceſſary for that Purpoſe. For 
the beſt of Scholars, the greateſt Artiſts, the moſt profound 
Mathematicians, or the moſt experienced Navigators, may be 
deceived, and carried into groſs Errors, by a Defect in their 
Inſtruments, or Means for keeping a Reckoning, as well as 
the more ignorant may be by a Defect in their Knowledge; 
and ſo far as they deſign that their Account ſhall depend upon 
their dead Reckoning, they ought chiefly to be careful in theſe 
two Things. 

Firſt, The Half-Minute Glaſs, that it be of a due Length; 
for if it be longer than it ſhould be, it makes the Ship by 
Eſtimation to run ſo much more than indeed ſhe does, and 
by that Means, perhaps, in a Month or 6 Wecks Sailing, 
you will expect to arrive at your Port, or make ſuch or 
ſuch Land, when indeed you are 50, 60, or 8 Leagues, 
or more or leſs ſhort of it, according as the Error of your 
Glaſs is more or leſs, And although it is hard to know a 
true Half-Minute Glaſs, yet there are theſe two Ways to 
prove them, and know whether they are right or wrong. 

The firſt Way is by an Experiment mentioned by Mr. 
Henry Phillips, in his Advancement of the Art of Navigation, 
and alſo quoted by Seller, in his Practical Navigation, 
and ?tis this: Take a Bullet of any competent Weight, it 

matters not, and make faſt to it a Piece of fine Thread, or 
Silk, of the juſt Length of 381 Inches; let there be a Nooſe 
on the End of the Thread, and let the very End of the Nooſe 
be juſt 38. Inches from the Center of the Bullet, (as I ſaid 
before) then hang it up by the Nooſe upon a ſmall Pin, where 
it may hang at Liberty, and ſwing freely, and fo give it 
Way, and each Swing ſhall be a true Second of Time ; 
that is, each Time that it paſſes by the Perpendicular let fall 
from the Pin on which it hangs, ſhall be a Second; and 

every Time of its Return to . Place where it firſt begun 
its Motion, is two Seconds of Time, and a Glaſs that runs 
till the ſaid Bullet hath made 30 Swings ſhall be a true Hall. 
Minute Glaſs. | Fo A 
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Chap II. Of the Log - line, and Half Minute Glaſs. 323 
| A Second Way (if it may properly be ſo called) is by 
the Experience of thoſe that have had Occaſion to uſe a 
* Glaſs in long Voyages ; and having a Line f divided, 
by a Glaſs of ſo true a Length, that their Dead Reckon- 
ing, when carefully kept, hath agreed with the Truth of 
their Obſervations; and that their making of Land, &c. 
bath fallen out according to Expectation, by the Dead 
Reckoning; I ſay ſuch a Glaſs, or another of the ſame 
Length, gt to be preferred before any other, as a true Half. 
Minute Glaſs. 4558 5 
A ſecond Thing neceſſary, in order to the Keeping of 
a true Reckoning, is to take care that the Log: line be 
ightly divided ; for although the Glaſs be true, yet if the 
om agen be divided into Knots too long or too ſhort, it 
: muſt needs make an Error in the Reckoning, according to 
the Proportion of the Error in Diviſions of the Line, if 
Bw work by a true Half-Minute Glaſs. Indeed, if the 
2 Diviſions of the Log-line be too ſhort, and the Glaſs alſo 
too ſhort, (or if both be too long, which is the ſame ) 
then the one Error helps to compenſate the other; but if 
the Faults in the Line and in the Glaſs be contrary, that 
is, the one too long, and the other too ſhort, the Fault is 
Z intolerable. Fe 
As for the Length of each Knot on the Log-line, or 
how it ſhould be divided, there are different Opinions, a- 
mongſt different Authors and Navigators. Indeed it is an 
undeniable Truth, and apparent to all Men's Reaſon, that 
one Knot upon the Leg Ae ſhould be the 120th Part of a 
Mile; becauſe Half a Minute is the 1 20th Part of an Hour; 
for as the Whole to the Whole, ſo a Part to the Part, ec.) 
put the Difficulty ariſes from the different Opinions, as to 
how many Feet, Yards, &c. there is in one Degree of a 
great Circle upon the Earth. Mr. Oughtred, in his Circles of 
$ roportion, will have 66: Miles to anſwer one Degree upon 
ne Earth, each Mile containing 5280 Feet, Hence there is 
dy his Account, 349800 Feet in one Degree of a great Circle 
pon the Earth, and 5830 Feet in one Minute, or 60th Part 
pf ſuch a Degree, — conſequently the 1 20th Part of a Mi- 
5 or Length of one Knot upon the Log: line, muſt be 487, 
Feet. 
But Mr. Norwood, in his Seaman's Practice, p. 43. (re- 
Ping an Experiment of his for finding the Quantity of 
e Degree of a great Circle upon the Earth) faith, that 
ne Degree contains 367200 * our Engliſh Feet to a De- 


gr ce, 


: 
4 
4 
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grees, whieh. Aecount, without any Allowance, would 


ive 51 Feet to one Knot of the Log-line, although, tor ? > 
e there mentioned, he allows 1 Foot out of the 51, 12 
and ſo would have one Knot of the Log: line to be juſt 50 1 
Foot: But how far that Experiment of his is to be 1 0 
upon, (conſidering the Unevenneſs of the Ground, and 1 
Croockedneſs of the Way, and other Inconveniencies, which! FP 
he could only give Allowance for according to his Judgment) n 
and alſo how far that one Foot in 51 may compenſate the Þ 0 
Way that the Log makes after the Ship, I ſhall not take Þ ji 
upon me to determine, In the mean time I ſhall, with Sub. Þ 4 
miſſion to better Judgments, rather adhere to the Way of Þ m 
dividing the Log-line that is commonly received and uſed by Þ v 
moſt Mariners, I mean that of 42 Feet, or 7 Fathom to 'K 
one Knot. Now it will preſently be objected, that accord. Þ® 4: 
ing to that Diviſion for half a Minute, ' multiplying that by Þ to 
120, for 1 Mile, and that Product by 60, for 1 Degree, 
there is by conſequence but 302400 Feet in a Degree, 15 
which ſeems to contradict, and intolerably to vary from the] yo 
Opinions of the ingenious Mr. Norwood, and other experienced] ou 
Men in that kind, 5. the 
I anſwer, it doth not contradi& them, at leaſt ſo muchas the 
at firſt Appearance it ſeems to do; for one grand Reaſon ! W 
why I agree to theſe ſhorter Diviſions is, to give Allowance Þ de- 


for the Way that the Log makes after the Ship ; for although Þ 
there is ſo much ſtray Line allow'd, as may be ſuppoſed io 
veer the Log moderately well out of the Eddy of the Ship's Þ 
Wake, yet it cannot be ſuppoſed, but that ſtill the Log 
muſt have ſome Way after 5 Ship, if but by the Weight Þ 
of the Line, which although but light, yet the Water being Þ 
but a. ſoft fluid Subſtance, the Log muſt needs have a Mo- 
tion after the Ship, eſpecially failing large, and  -a frei 
Gale, it cannot be but that the Wind will have ſo much! 
Effect upon the Log, and ſo much of the ſuperficial Part 
ef the Watet, as to ſhove it along after the Ship, and that, 
in my Opinion, much more than one Foot in 51. | 
Indeed another Conſideration, which may be accounted 
fecond Reaſon why I do adhere to that Way of dividing the 
the Line, is, becauſe if there is an Error, it is on the fate Þ 
Side; for although the Truth is beft, if it could be attain'd, yet! Þ 
an Error muſt be, 'tis better that the Reckoning be a-headoÞ 
the Ship, than that the Ship ſhould be a-head of the Reckon Þ 2 
ing; and better to look out for Land before we come at iu, F 
than to be a-ſhore before we expect it. l , | 
| I 


* 
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But my third Reaſon is, the Confirmation of this my Opi- 
nion, by the daily Practice and Experience of many, if not 
> moſt Mariners, who uſe this Way, and find the Succeſs to 
= anſwer their ExpeQations, at leaſt much nearer than a much 
larger Diviſion would do. *Tis true, if the Generality of 
> Glaſſes be ſo much too ſhort, as to countervail thoſe too ſhort 

* Diviſions (if they are too ſhort) it were to be wiſh*d, that the 
Errors in one were rectified, and then ths Faults in the other 
| © might be amended; but till then I ſhall recommend that Way 
of following 42 Feet, or 7 Fathom, to one Knot of the Log- 
line. Indeed if it be, as it is reported by ſome, that to make 
: Amends for the Shortneſs of the Knots, the Glaſſes are com- 


| * monly made but 27 Seconds; and if fo, then if the Glaſſes 
were regulated and increaſed from 27 Seconds to 3o, the 
» | Knots, by the ſame Proportion, ſhould be alſo increaſed from 


42 Feet to 46; Feet to one Knot, which ſeems more agreeable 
to Reaſon, and to Mr. MNoruood's Obſervation. 
,þ Note, When you divide the Log- line you muſt allow 12, 
15, or 18 Fathom of Stray-line, according to the Bigneſs of 
e your Ship, accounted from the Log, before you begin to ſet 
|| out the Knots, and there put in a red or white Rag, and from 
thence begin to divide the Line into Knots. The Reaſon of 


s | the Stray-line is to veer the Log pretty well out of the Ship's 
Wake, leaſt the Eddy ſhould ſuck the Log after the Ship, and 
e | deceive you in your Reckoning. 

1 

1 S EdT. IH. 

3 How to make a Plain Chart. 

" | 

oF TEE Log: line being thus divided, and the Half- Minute 
13 Glaſs examin'd and regulated, the next Thing is to 


h | make a Chart for the Voyage intended; and of Charts there 
< | are ſeveral Sorts. 

The firſt is commonly called a Plain Chart, in which the 
Degrees of Lungitude and Latitude are every where equal, 
| Without any Reſpect to the Globularneſs of the Earth, but 
Father ſuppoſing the Earth and Sea to be a plain Superficies; 
be and hence it is, that this Projection is falſe, except in Places 
under or near the Equinoctial. However it being much in 
Uſe, I ſhall lay down the Projection of it as followeth. 
If you would make a plain Chart for all the Earth and Sea, 
dis beſt to do it upon two Sheets of Paper; one Half upon 
Pheet. Through the Middle of each Sheet, croſs-ways from 
ac right Hand to the left, draw the ſpotted Line AB, which 
2 X 4 di ide 
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divide into 180 equal Parts, by any equal Parts of the Scale, 
as large as your Paper will contain, which you may mark at 
every 10 Degrees with Figures, 10, 20, 30, &c. to 180, begin. 
ning at any Place where you intend to reckon your Longitude 
from, which ſuppoſe let be London, let your Chart begin at 
the Welt or left Hand, and ſo reckon Eaſtwards, as in the fol. 
lowing Example, where the two Charts contain all the 360 
Degrees of Longitude in Compaſs, and go Degrees of Lati. 
tude each Way from the Equinoctial. Then from the Middle 
of the Chart, as a Center, draw the 32 Points of the Compaſs, 
as you ſee done. Then for inſerting any known Place in the 
- Chart, find by the Table of Latitude and Longitude of 
Places what, Latitude and Longitude your Place hath, and 
[ate it in that Latitude and Longitude in the 
Fig. 6, 7, Chart; as for Example, Suppoſe 1 would inſert 

the Land's End of England, and the Weſt End 
of Cyprus in the Straits and would find their Bearing and Dil. 


tance; according to the Plain Chart, I find the Latitude of 


the Land's End of England in the Table is 49d. 5 5m. North, 
and Longitude 5d. 14m. W. I rcckon upon the Line 45, 


which is the Equinoctial, till I come at 5 Degrees, viz. 5 of Þ : 
the ſmall Diviſions, and as near as I can compute, ſomewhat Þ 
leſs than; of another ſmall Diviſion, for the 14 Minutes, and 

| ſetting one Foot of the Compaſſes in that Mark, I extend the 


other to the next North and South Line, and running them 
up into Latitude 49d. 55m. 


60 Miles, and every 10 Degrees 600 Miles, gives the Diſtance 


between the two Places, according to the Plain Chart ; and then Þ 

for the Courſe, obſerve what Line, or Point of the Compaſs, Þ 
4 to be drawn between theſe two Places would be 

parallel to, which in this Caſe you ſee is an E. S. E. and W. N. W. 


a Line ſuppoſe 


Line, the neareſt Point repreſenting the Courſe required. 


In like manner you may inſert any other Place whoſe Lat! | 


tude and Longitude is given; as for Inſtance,' I have inſerted 


the following Places, which becauſe the Draught is too ſmall to 
contain the Name at large, I have repreſented them by the fol Þ 


lowing Letters annexed to them. 


O The Lizard. 


A The Iſland of Cyprus in the Straits, 


a Majorca, an Iſland in the Straits, 
b Barbadoes. x 


wy a n = 
* AY, „„ „ OO OO I TOA 


4 I make the Mark © to 
Fig. 6, 7. repreſent the Lizard; and by the ſame Method I find Þ 
the Weſt-end of Cyprus at the Mark Q, then the Dif. F 
tance between theſe two Marks taken in your Compaſs, and 
applied to the Equinoctial Line 4B, accounting every Degree 
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c Jamaica. PEE. 

þ Cape Henry in Virginia. 
o Bengal, in the Eaſi Indies. 
d Cape Bona Eſperanza. 

e The Naze of Norway, 


Theſe are ſufficient to let the Learner ſee how to ſet down 


1 the Places in a plain Chart. 


But ſuppoſe you are to ſail from any one of theſe Places, or 


any other Place, to ſome other Port it is beſt to make a Chart 


for the particular Voyage, to contain only ſo much of the Earth 


» 


and Sea as is contained between the two Places, or little more, 


and then you make your Degrees of Latitude and Longitude 


1 


, 
f 
t 
| 
6 ! 
1 
0 
d 
{. * 
d 


2 


larger, as in the following Example. 


* 


As Ship ſets fail from Flamborough-Head, in Lat. 54d. o8m. 
North and Longitude od. 10m. W. intending for the Naze of 


' Narway, in Lat. 58d. com. and Long. 6d. zm. E; I deſire a 
Chart made for that Voyage. 


This Chart is made to contain from 54 to 58 of Latitude, and 
from 16 to 21 of Longitude; and then by the former 


= Rules, the Point A repreſents Flamborough-Head,and Fig. 8. 
the Point © upon the oppoſite Corner, is the Naze of 


* Norway Then at Flamborough-Head, the Place ſailed from, as 
a a Center, I deſcribe a Quarter of a Compaſs, which in this 
: Caſe is always ſufficient, and thus is the Chart ready for the 


5 Voyage, 


As for ſetting off the Courſes and Diſtances, or Difference 
of Latitude and Departure, upon a Chart, commonly called, 
* Pricking a Chart, I ſhall refer it till I come to give ſome Exam- 
ples of keeping a Journal by the Log and Compals, 


How to make a Mercater”s Chart, 


I A Mercator*s Chart appears ſomewhat like a Plain Chart, 
, only with this Difference, that whereas, in a Plain Chart, 
the Degrees of Latitude and Longitude are every where equal, 
it is not ſo in a Mercator's Chart; for in it the Degrees of La- 
titude bear the ſame Proportion to the Degrees of Longitude, 
that they do upon the Globe; and the Invention of this Chart 


is moſt properly owing to our 8 and ingenious Country- 


man, Mr, Edward Wright, as may be ſeen in his Correction 
of the Errors of Navigation: However (I know not well for 


Phat Reaſon) unjuſtly aſcribed to Mercator. Now although 


upon the Globe the Degrees of Latitude are every where 


equal, and the Degrees of Longitune grows leſs nearer the 


Poles; 
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Poles; yet in this Chart it is not ſo, but the Meridians are Pa. 
rallels, and every where equal, as in a Plain Chart ; but the 
Degrees of Latitude grow bigger near the Poles; fo that in a 
Mercator's or Wright's Chart, there is always the ſame Pro. 
portion between a Degree of Latitude, and a Degree of Lon. 

itude, in any Parallel, as there is upon the Globe it {elf, 

ough the. Diſtances are extravagantly diſtorted, eſpecially 
near the Poles. 

For the Projection of this Chart, there are two Lines upon 
Cunter's Scale, commonly placed next the Bottom, on that 
Side upon which the Logarithmical Numbers, Sines, and Tan. 

ents are; the loweſt of the two is a Scale of equal Parts, and 
the next to it is called the Meridian Line, by the help of 
which, if you would draw a large Chart of all the World be. 
tween 85 Degrees of North Latitude, and 85 Degrees of 
South Latude, you muſt prepare large Paper, or paſte Sheets 
of Paper together, till your Sheet contain about four Feet 
each Way; through the Middle of which draw the Equinoctial 
Line, as you ſee in the Plain Chart before inſerted, and gradu- 
ate it with 10, 20, 30, &c, by thoſe Diviſions upon the Line of 
equal Parts now mentioned, which done, when you fee 
how far the 180 Degrees of Longitude reach (if you make the 
Chart in two Parts, or the 360 Degrees, if you make it all in 
one Draught, as your Sheet of Paper four Feet ſquare will ca. 
ſity contain) and there draw Lines at Right Angles, with the 
Equinoctial Line, as you ſee in the foregoing Charts, the Lines 
CAE, and DF. Fig. 53 
the Equinoctial, both Ways, by the Graduations upon the Me. 
ridian Line upon the Scale, ſhall ſet off every Parallal of Lat. 
tude according to Mercator; and when the Lines on both Sides 
are ſo graduated upwards and downwards, from the Equinoc- 


tial, the Lines drawn from every Degree on one Side to the | 
lame Degree on the other Side, ſhall repreſent the Parallels of 


Latitude required. 
But becauſe theſe Graduations would be too ſmall to make 


a Chart by, for any particular Voyage, it is better to make ; 
in that Cafe the Want of a Meridian 


the Chart larger, an 
Line ſo large, may be ſupplied by a Table of Meridional Parts; 


for having drawn the Equinoctial, or any other Parallel of La- 
titude, which is the ſame, for one Out- ſide of your Chart; 
ſet off 60 of any equal Parts for every Degree of Longitude, 
both at the Top and Bottom of your Chart ; this done, find 
(by the Rules laid down in Mercator”s Sailing Trigonometrical) 
the Meridional Difference of Latitude, or the Meridional Parts 


contained between that Degree and the next, theſe taken 7 


Chap. II. 


then theſe Lines graduated from 4 | 
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the ſame Scale of equal Parts, and ſet from the laſt Degree 

marked, ſhall find the next Degree, and ſo in the reſt. 
The Rumbs, or Points of the Compaſs, are exactly the 

© > ſame as in a Plain Chart. | 

I ſhall explain what hath been ſaid by an Example of a 

NMiercator's Chart, from  Flamborough-Head to the Naze of 

Mruay before- mentioned. 


| Lat. Long. 
Flamborough. Head ——— 54d 8m. od 10m W. 
Naze of Norway 58 © 1 K. 


; It is beſt to make the Chart to a whole Degree, and in 
this Example I ſhall, as before, make it from Lat. 54 to 58, 
> andg Deg. of Longitude. 


Merid. Parts for Lat. 58d. om = 4294 
Merid. Parts for Lat. 54 8 — 3878 


Merid. Diff. of Lat. in the whole Cart 416 
Diff. of Longitude in the whole Chart —— 540 


W3 WES 6 
2 N i» e 


r 


Having drawn the Line da, ſet off the whole Meridional 
Difference of Latitude 416, off any convenient Scale of equal 
> Parts from d to a, and draw ab, and de, perpendicular to da, 
and ſet off the whole Difference of Longitude 9 Degrees, or 
540 M. from d to c, and from à to h, and draw cd; thus you 
have the whole Subſtance of your Chart. 

> Then ſet 60 of the ſame Parts from d to o, and from o to 
1, and from 1 to 2, &c. both upon the Line de, and upon the 
Line ab, and draw the Lines OO - o 1—1, Cc. thus is 
your Longitude graduated. 
Then for the Latitude, find the Meridional Difference of 
= Latitude, between Lat. 54 and 55, which is 103, therefore ſet 
4 is of the ſame equal Parts from à to 55, and from b to 55, 
4 and draw the Line 55— 55; then find the Meridional Difference 
of Latitude between Lat. 55, and Lat. 56, which is 106, which 
ſet from 55 to 56, on both Sides, and draw the Line 56 — 56, 
and ſo find alſo the Line 57 — 57. Then upon the Center 4, 
| = which repreſents the Place failed from, draw a Quarter of a 
1 Compaſs, the Rumb upon that Compaſs ſhews the true Courſe 
from Flamborough-Head, at the Point A, to the Naze of Ne- 
y 

1 


ay, at the Point O, which you ſee differs much from the 

Courſe found by the Plain Chart. 
| The Diſtance between any two Places in a Mercator's Chart 
1 18 


is thus found: Find the Difference of Latitude be. 
Fig. 9. tween the two Places, which here is 3d. 52m. or 233 


Degree is divided into 6 Parts; then keeping your Compaſſes 


whoſe Diſtance is required; then ſet one Foot of your Compal. 


Croſſing of the Ruler, and the ſaid Eaſt and Weſt Line, that 
Extent meaſured on the Parallel a6, allowing 60 Miles to 
every Degree, gives the true Diſtance required. 

Thus a Scale laid from a to ©, deſert 


in Y, the other turned about will juſt touch the Line 57 


97; 


©, as in , the Extent Y, meaſured on the Line 4b, gives 
the true Diſtance. * 


How to make a true Plain Chart. 


intend to come back the ſame Way you go, and it is thus 
made. | 


tween which you are to fail, find the true Courſe and Diſtance, 


the Courſe and Diſtance between the Place failed from and the 
Place bound for, as you are taught in Traver/e Sailing Geome- 
trical ; ſo have you two Points repreſenting the two Places, 
and if your Ship fail upon ſeveral Courſes and Diſtances, in 
form of a Traverſe, as you are taught in Traverſe Sailing Ce. 
ometrical, and ſo you may every Day ſet off the Courſe and 
and Diſtance from the Ship to the Place bound for. according 
to Mercator, and yet tis done as eaſily as in Plain Sailing. | 
ſhall inſtance in the fore-mentioned Voyage. 


| Lat. | Long. 
A Ship fails from Flamborough-Head 54d. 8m od. 1om W. 


Intendi g for the Naze of Norway 58 © 6 2 FE. 


Fir 
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ſes at the Ruler's Edge, ſo as that the other other turned about 
may juſt touch ſome Eaſt and Weſt Line, then keeping that 
Foot faſt that ſtood againſt the Ruler, open the other to the 


es the pricked Line 
a O, then with 3d. 52 min. in your Compaſſes, and one Foot 


then obſerve where the Line 57——57 cuts the pricked Line 


TI U T a Third Sort of Charts I ſhall next deſcribe, which 
is as true as Mercator's, and yet as plain, eaſy, and ex. | 
ditious for Practice, as the Plain Chart, but it cannot be 


made but for a 3 Voyage, and generally when you 


Having the Latitude and Longitude of the two Places be. , 


by Caſe the Sixth of Mercator*s Sailing, which found, ſet off | 


2 Minutes, which ſet off upon the Lines ab; take te 
whole Degrees from 17 to 20, and the 52 Min. in the gra. 
Td Degree, accounting every Part 10 Min. becauſe the 


at that Extent, lay a Ruler fo, as it may juſt cut the two Places, f 
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331 
For the Courſe, according to Mercator. 
As Merid. Diff. Lat. 416 $41 2.61 959 Ml 
Is to Radius aff 


god. oom. — 10,00000 
9 257054 
To Tangent of the Courſe — 41 48 — op! 


So is Diff. of Long. 


9-95145 
| Then for the Diſtance. 
As Sine Com. Courſe 41d. 48m, —— 872 
o proper Diff. of Lat. 232 e 238500 
8 ; So is Radius = 90 00 — I0,.00000 
K To the Diſtance 392 — 2. 59305 


. Here A repreſents FlamborougI-Head, B, the Naze of Ner- 
away, the Line AB the true Diſtance, 278 Miles, the 
Angle CAB 33d. 22m. the Courſe from the Meridian, Fig. 10. 


my 


and in this Chart the Degrees of Latitude are equalDivi- 

| ions, and eaſily repreſented, but the Degrees of Longitude, if they 

are inſerted here, would be curved Lines, and hard to project; 

vor is it needful, ſeeing upon this Chart you need not regard 

the Longitude as you go along, but only the Courſe, and Diſ- 

tance upon each Courſe, according to the Rules laid down in 
in the . Queſtion of Traverſe Sailing Geometrical. 

Having thus ſhewed how to make the ſeveral Charts, I ſhall 

> ſhew the Uſe of them, when I come to give ſome Examples 

of keeping a Journal, in which I ſhall inſtance in the ſame 
Voyage for which theſe Charts are projected, and ſhall ſhew the 


Learner how to prick off every Day's Work upon each Chart. 
; of which hereafter. | | 


S EG. T. IV. 
How to take an Obſervation. 


THE moſt uſual and eaſy Way to take an Obſervation by 
. the Sun, is with a Quadrant, commonly called Davis's 
Quadrant, conſiſting of two Arches, in ſome a 30 Arch, and 
60 Arch; but more commonly of late, an Arch of 25 De- 


; 4 
grees, and another of 65; but the Way of uſing them is all 


bone and the ſame ; for by theſe Quadrants you do not 10 


Tcadily find the Sun's Altitude, but the Complement of the 1 N 
Bun's Altitude, commonly (and properly) called the 


Sun's 
Zenith 
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Zenith Diſtance, being the Sun's Diſtance from the Zenith, 8 
or Point right over our Head, which is eaſily found by one of fro 
the Quadrants ; for having fitted your Vanes ſo, as that when titu 
you have the Horizon right through the Sight Vane and Ho. 
rizon Vane, the Shadow may at the ſame time fall directly 
from the Top of the Shadow Vane to the Top of the $li Diſ 

which is the Middle) of the Horizon Vane, ſtill removing the the 
flight Vane downwards, as you obſerve the Sun to riſe, till you the 

find that the Zun is upon the Meridian, and then you have ba the 
4 Obſervation for that Day. This done, obſerve wha qu 

umber or Figure you have upon the 60 (or 65) Arch, jut 

under the upper Edge of the Shadow Vane, (which ſhoulda]. 
ways be placed upon an even 10 Degrees, to ſave Trouble in 
the Addition) and alſo obſerve what Degrees and Minute you 
have upon the 3o (or 25) Arch, juſt under the Middle of the 
Sight . even with the Line or Stroke that goes from the 
Hole along the Middle of the Vane ; and theſe two Numbers 
added together, the Sum is always the Zenith Diſtance, which 
is to be uſed as in the following Directions for working an Ob. 
ſervation. 


How to work an Obſervation, 


HERE are but four Caſes, or Varieties in working u 
Obſervation, in whatſoever Part of the World you be, 

or whether the Sun's Declination be North or South. P 
The firſt is, when the Sun is between the Horizon and the Di 
Equinoctial, and then the Rule is, Subtract the Declination ! 1; 
from the Zenith Diſtance, the Remainder is the Latitude a EL 
the Place. | = | 


Demonſtr ation. 


The Latitude of the Place is the Diſtance between the Equi. 
noctial and the Zenith of that Place- The Suns; 

Fig. II. Declination is the Sun's Diſtance from the Equinoc- 
tial: And the Sun's Diſtance from the Zenith of the 8 

Place, is the Zenith Diſtance or Complement of the Suns?! 0 
Altitude. Now if from O the Zenith Diſtance, you ſubtras ar 
OE, the Sun's Declination, there remains EZ, the Latitude Pau 


of the Place of Obſervation. Bu 
| B 

Example. KB. 

the 


Suppoſe the Sun's Zenith Diſtance be 20 76, and the Suns ö ; 0 
Declination South ECG) 16, ſubtract OE ihe Desi 1 g ; on 
on 


2 
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from OZ the Zenith Diſtance 76, there reſts EZ 60, the La- 
Fritude required. 

he ſecond Variety is, when the Sun is between the Equi- 
noctial and the Zenith, and then the Rule is, Add the Zenith 
Diſtance to the Sun's Declination, the Sum is the Latitude of 
the Place: For if to OZ, the Zenith Diſtance, you add OE, 
the Sun's Declination, the Sum is EZ, the Diſtance between 
the Zenith and the EquinoCtial, which is the Latitude re- 
| quired. 


* 


Example. 
Suppoſe the Sun's Zenith Diſtance OZ 34, the Sun's De- 


clination North EO 10, if to OZ 35 the Sun's Ze- 

nith Diſtance, you add EO 10 the Sun's Declina- Fig. 11. 
tion, the Sum mult needs be EZ 45, the Latitude 

required. | 


The Third Variety is when the Sun is between the Zenith 


and the elevated Pole, then the Rule is, ſubtract the Zenith 
> Diſtance from Declination, the Remainder is the Latitude of 
the Place. 


Example. 


g Suppoſe the Sun's Declination be EO 20, and the Zenith 


| Diſtance 20 10; ſubttact the Zenith Diſtance ZO 
10, from the Sun's Declination EO 20, there reſts Fig. 59. 
© EZ lo, the Latitude required. 


The Fourth Variety is when the Sun is between the ele- 


rated Pole and the Horizon, and then the Rule is, ſubtract 
the Sun's Complement of Declination from the Zenith Diſtance, 
the Remainder is the Complement of Latitude. 


Example. 


Suppoſe the Sun's Declination be 22, (its Complement is 


68) the Zenith Diſtance 85, then from Zenith Di- 
ſtance OZ 85, ſubtract the Complement of Decli- Fig. 12. 
nation HP 68, the Remainder ZP 17, is the Com- 
plement of Latitude, which ſubtracted from 90, leaves 73, 
the Latitude required. 
Baut becauſe ?tis ſeldom that any fail ſo far North or South, 
as that they can conveniently take a backward Obſervation by 
the Sun, under the elevated Pole, in this Caſe, it may be 
done by a forward Obſervation, and work with the Sun's 


Altitude 


CE — — — ——— — 


— — — — — 
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bove the Horizon, which is the Latitude of the Place. 
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Altitude or Height above the Horizon, and then the Rule i, 
Add the Sun's Altitude to the Complement of Declinatia 
the Sum is the Latitude; thus if in the laſt Example, yy 


add the Sun's Altitude, O O 5, to the Complement of Ded 
nation OP 68, the Sum OP 73, is the Height of the Pole 1 


This ſame Operation will hold in taking an Obſervation by L 
Star, when under the elevated Pole, becauſe both here, andi 


all other Caſes in obſerving by the Stars, we are obliged uf ; 


take the Obſervation forward, becauſe a Star caſts no Lig 


ſafficient for a backward Obſervation, and then, inſtead of th 


Zenith Diſtance, work with the Altitude. 


In forward Obſervations, whether by Sun or Stars, ther : 
are alſo Varieties, as in a backward Obſervation, which 
ſhall only ſpeak to, the Demonſtrations being pretty evideſ#* 


from the foregoing Figures. 


The firſt Caſe is, when the Star is between the EquinodiÞ * 

and the Horizon, and then the Rule is, Add the Altitude of te 
Star to its Declination, the Sum is the Complement | * 
Latitude, which ſubtracted from go leaves the Latitude re.! 


quired, 


Remainder is the Complement of Latitude. 
Thirdly, When the Star is between the Zenith and the ele. 


vated Pole, then ſubtract the Complement of Declination, ; 


from the Altitude, the Remainder is the Latitude. 


The fourth Variety is ſpoke to in the fourth Variety before 
going; and ſo much ſhall ſerve for the working an Obſer. #3 
vation; theſe Rules, if well obſerved, being ſufficient for H 

working Obſervations in all Latitudes, whether North or! 
South, and at all times of the Year, as a little Practice vil 


make evident. 


It is poſſible to take an Obſervation by the Moon: but there uU 
are ſo many things to be accounted for, as Paralax, Refrac- Þ * 
tion, c. and the Moon ſeldom to be ſeen, but when ſome Þ 4 
known Star may alſo be ſeen, and J having in this Book in. 
ſerted a Table of fixed Stars, their Declinations, &c. I ſhall 7 


refer the Reader to it, the Sun and Stars being ſufficient in al 4 


Cafes for taking Obſervations. 


% 


Secondly, When the Star is between the Equinoctial andthe 1 
Zenith, ſubtract the Star's Declination from 1ts Altitude, te 


sECT I. 
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How to reckon Tides. 

of the General Motion of the Tides, and how to know the Time 


"of High Water at any known Port, only by a Sight of the 
Moon at any Time wy the Day or Night. CLOS 


HEY that would be able to give, a good'Account of the 
Tides, or of the Time of High Water or Low Water, 


at any Port or Harbour propoſed, it is neceſſary, in order 

* thereunto, that there be a right Underſtanding of the original 
2 Cauſe of the Motion of the Tides, or Ebbing and Flowing 
of the Sea; a Thing which hath been often in Diſpute a- 


2 mong the Learned, both Mathematicians and Philoſophers, 


1 whoſe different Sentiments have rendered the Things as du- 


bious as when they firſt began with it; ſome afcribing the 


PFluctuation of the Sea to the ſwift Motion of the Earth, ac- 


2 cording to the Copernican Syſtem, and that the Water being 


2 fluid Body, and not preſently acquiring ſo ſwift an Agitation 


as the Earth it ſelf, it muſt conſequently be higher Water up- 
on one Part of the Globe than upon another, and this they 


illuſtrate thus: Suppoſe a Boat under Sail, with freſh Way, 

| > and a ſmall Quantity of Water in the Boat, it ſeems very 
> plain, that the ſwift Motion of the Boat would make the 
Water incline rather towards the Stern of the Boat; but if 


the Boat, when ſailing with that Speed, ſhould by coming 


© © aſhore, or ſome other Accident, meet with a ſudden Inter- 


ruption, and at once ſtand ſtill, the Water ſtill retaining in 
ſome meaſure its former Motion, will preſently run to the 
Pore part of the Boat, and by this they would ſome Wa 
or other demonſtrate, that the Motion of the Tides depends 


bom the Motion of the Earth: But to uſe no other Argu- 


ments for the Confutation of this Opinion, the Abſur 7 
$ t 


hereof will appear in this; that if the Motion of the Ear 
waere the original Cauſe of the Motion of the Tide, then 
the Tide muſt neceſſarily follow the Motion of the Earth, 
lor to our Appearance the Motion of the 7 and conſe- 
quently it muſt always be High Water at one Place, at one 
and the ſame Time of the Bay; but the contrary is ſo evi- 
dent to all, that there needs no more be faid to dif- 
pbrove it, 3 | 
Others ſay, the Flowing of the Tide is occafioned by a 
©» great Confluence of Water proceeding from the — 
3 . 1 at 
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called by ſome the Navel of the Sea, being (as it is reported) 
an Eddy, or Whirl-pool, under the Weſt Coaſt of Norway, 
or Finmark, from whence (it is ſaid) during the ſix Hours 
Flood, the Water iſſues violently out, and oecaſions the 
Riſing or Flowing of the Water in all the adjacent Parts, and 
| ſinks with the ſame Violence during the Ebb; ſo that it is ſaid, 
that during the Flood, the heavieſt Metal will not ſink ; and 
i during the Ebb, the lighteſt Subſtance, or the beſt of Ships 
| will not ſwim ; but what Reaſon they will give why this Ebb. 
ing .and Flowing ſhould be regulated and governed by the 
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Motion of the Moon, I do not underſtand, unleſs this Iſſue 't 
of Water be ſupplied by ſome Communication that it ham 
with the Eaſtern Seas, by ſome Paſſage under the Main Con-] E 
tinent of Norway ; but this being an Uncertainty, we ſhall Þ 1 

U. 


Wave it, as well as the Opinion of a third Sort, who affirm 
that God, who created all Things, gave Life to all his Crea. 
tures; and that the Ebbing and Flowing of the Sea is no 
more but the Breathing of the Earth, which ſeems to me 2 
very odd Fancy, and not worth inſerting, had it not been in 
this Collection of the various Opinions of the Learned upon 
this Subject. I ſhall among the reſt, deliver mine own 0. | 
pinion in the Matter; and although I do not think my ſelf Þ 
able infallibly to give a definitive Sentence in the Caſe, yet I Þ % 
ſhall endeavour to prove it to be conſiſtent with the Obſer- | 
vation and Experience of our Mariners, and ſhall anſwer what 
ObjeCtions can eaſily be made againſt it, 

It is evident to all that own the Rotundity of the Earth, 
(a Thing generally out of Controverſy amongſt the 
Learned) that there is a Principle of Gravitation towards 
the Center of the Earth, and that this attractive Influence 
is defuſed to all Beings whatſoever within the Orb there. 
of ; and hence it is, that we that inhabit the Earth find 
no ſuch Thing as an upper ſide and an under fide of 
the Earth, but in all Parts of the Superficies thereof ve 
find a like Natural Tendency towards its Center, as it 
is evident by the Experience of thoſe that have ſailed 2. © 
bout the World, and yet in their ſo far different (f 
not diametrically oppoſite) Places that they have ſailed to, FF"? 
have found themſelves and every particular thing to have ÞY 
the ſame preſſing Inclination towards the Center of the e 
Earth, which feemed to them to be downwards, as well S 
as it doth to us. Now if we grant the Earth this ſtrong 
Prineiple of Gravitation, Inclination, or Attraction toward: WY 
its Center, which Reaſon and common Experience proves, 8 


we have Reaſon from hence to believe, that a __ FI 
| | 8 : Odles, | | 
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Bodies, as the Sun and Moon, have the ſame Principles 


of Gravitation towards their Centers, (which may be proved 


n 


by ſome Reaſons, which, to inſert here, would be too 


great a Degreſſion from the preſſent Subject) which being 


P 


granted, I 1 the Ebbing and Flowing of the Sea to 
de ocraſioned by 

leſpecially the Moon being a ſecondary Planet, which 
moves fat nearer the Earth, and reſpects it for her Cen- 


the Attraction of the Sun and Moon 


ter) the Strength of which Attraction, although it cannot 


J 


have any Influence upon the Solid Part of the Earth, yet 
the Water being a fluid Subſtance, is more eaſily affected 


6 


» * 


with this attracting Power, and by Virtue thereof (while the 
| "Earth continues round) the Water is gently ſucked and 
drawn into an oval Form, by Reaſon of its inclining Ten- 


dency towards thoſe attractive Bodies, thereby cauſing 


Aigh-Watet where the Ends of the Oval is, and conſe. 


* quently Low-Water at the Middle of the Oval, as may 


pe demonſtrated thus: Suppoſe two Hoops made of any 


flexible Subſtance, as Wood, fine Steel, &c. of equal Di- 
menſions, and laid directly one upon the other; and then 
if from oppoſite Points the uppermoſt were extended into 
an oval Form, it is evident, that as the extended Part or 
End of the Oval is drawn without the round Hoop, the 

Iwo Sides, or Middle of it, will be contracted and pulled 
Fithin it; and ſtill, as the tranſverſe Diameter of the O- 
fal were extended and augmented, the Conjugate, or 
ſhorteſt Diameter, will be contracted and diminiſhed ; which 
Plainly demonſterates how the Water, when by an attrac- 
Ave Power it is drawn above its mean Elevation, at the 
End of the Oval, it muſt needs be depreſſed below its 
* Uſual Poſition at the two Places a Quarter diſtant from 
| theſe two oppoſite Points, which Elevation and Depreſſion 
che Occaſion of High and Low-Water, which happens 
(near) ſix Hours Diſtance, between High and Low- 
Water, and confirms the Truth hereof, which is alſo evident 
the following Reaſons. 
© Firſt, Becauſe the Motion of the Tides generally fol- 
s, and is govern'd by the Motion of the Moon; ſo 
at the Moon being upon one and the ſame Point of 


the! de Compaſs, makes High Water at any particular Place, 
wel ! one and the ſame Time, (unleſs accelerated, or re- 
rons i arded, by Winds, Land-floods, or the like) by which it 
„ard ! ems very probable, that the Moon is the rincipal A gent 
ves, this regular Motion of the Sea; and if fo, then nothing 
„het Wore likely than that the Influence of her attractive Power 
dies. 1 2 drawing 
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drawing the flexible Subſtance of Water into an elliptical or 
oval Form, as before aſſerted, is the Cauſe thereof. 
But ſecondly, It is obſerved by all, that the Spring Tides, 


(viz. at the New and Full Moon) are greater than the 
Neap-Tides (which are at the firſt and laſt Quarter) by! 
which it ſeems evident, that although, as I ſaid in the la} © 
Paragraph, that the Moon is the principal moving Cauſe of Þ * 
| the Tides, yet the Sun having alſo the like attracting Power, 

hath an Influence upon the Water allo, although not ſo great f 


as that of the Moon, becauſe the Moon is much nearer 
the Earth, and is a ſecondary Planet, reſpecting the Earth 


for her Center, and therefore, when the Sun and Moon ar ti 


in Conjunction (as at the New Moon) or in Oppoſition, (a 
at the Full Moon) then the Tides are greateſt; becauſe the 


attractivèe Influence of the Sun is added to that of the Moon, ? 


and both - raiſe the Water at one and the ſame Place, | 


making the Spring-Tides. But at the Quarters, viz. When | | 


the Sun and Moon are about 9o Degrees, or a Quarter a 


the Zodiack diſtant, then the attractive Influence of the Sun 
rather impairs that of the Moon; the one raiſing the Wa. 


ter where the other depreſſes it; ſo that although, for Rea. 


ſons before given, the Influence of the Moon's Attraction 


upon the Water is greater than that of the Sun, and there. 


fore the Tides follow the Motion of the Moon, and not of 6 


the Sun, yet their contrary Influence leſſen the greater In. 1 


fluence, viz. that of the Moon: which is the Cauſe of te 
Neap-Tides: and this alſo may be illuſtrated thus: Sup. 


poſe a Hoop of Steel, or any flexible Metal, be faſtened u 


any Place, if a Man with a Rope fixed to one Side thereof $3 
ſhould pull with all his Strenght at the ſaid Rope, it woulÞ 5 


make the Hoop decline into an elliptical or oval Form; 


but if another Man, though of an inferior Strength, ſhoulÞ $ 
fix a Rope in the ſame Place where the firſt was fixed, li 
Strength added to the firſt would make the Ring or Hog 5 
yet more elliptical, and would ftretch out the tranſverſe D 
ameter thereof yet longer, in Compariſon of the Conjugate 
But if the firſt Rope remain fixed as before, and the other, 
managed by inferior Strength, be removed a Quarter of te 15 


Hoop's Diftance from the firſt, then, although the Ellipl 


will in ſome Meaſure retain its oval Form, inclining to t, 
ſtronger Attraction, yet the Power of the contrary Attaches 
tion will depreſs the other, and cauſe the Hoop to ret 


a Form at leaſt nearer to'a true Circle, than as if the At 


traction were all in one place; and this plainly illuſtrate. 
the different Attractions, cauſing different Tides, viz. * 9 
f I | 33 


Chap. IT. How to reckon Tides. 339 


the attractive Powers are united their Influence is greater, 

cauſing the Water to be more elliptical, thereby occaſion- 

ing Spring Tides, at the New and Full Moons; but when 
* the attractive Powers are ſeparated, as at the firſt and laſt 

Quarter of the Moon, the Influence of the greater is not fo 

apparent, which is at the Neap-Tides. 

But my third Reaſon is, Becauſe we ſee that the Spring 
4 Tides at the Equinoxes, viz. in March and September, are 
commonly higher Tides than the Spring Tides at the Sol- 
ſtices, viz. in une and December; the Sun, and allo the 

New and Full Moon, moving in or near the Equinoctial, in 
a right Aſpect to the Earth; whereas their Influence is ſome- 

vhat impeded at the Solſtices, by their more oblique Poſition 

to the Earth. All which ſeems plainly to prove, that as the 
{Tides are regulated and governed by the Motion of the Moon, 

Jo her active Power, together with that of the Sun when 

"Þ Hoined with it, is the original Cauſe thereof. 

p Now againſt what hath been ſaid, there ſeems two grand 

Objections to ariſe ; the firſt is, that if the Tides be govern'd 

 Þy the Moon, and if her Attraction be the Cauſe thereof, 


8 


— —F — 
1 1 — > 


* — 
— — 
— * 
— . — 2 ww. — = an — 3 
a PO. Lg = 4 2 > 
—— —„—»— _—_ 4 " _ =_ 
. — . 2” 
_ » _ b- 
5 = — —— 2 


* — 
> 
— * 


33 


"a. 


42 —˙ʃù 
5 1 2 © — 


1 3 | — 
3 2 
rey * "IF: 
" 1 . 42 0 
A -” 


* — y 
- 


ger Diurnal Motion being from Eaſt to Weſt, it would fol- BY 
* | Jow that the Flood-Tides ſhould in all Places ſet Weſtward ; 1 
put daily Experience proves the contrary ; for it ſets in ſome 49 

u. Places South, as upon the Coaſt of England, and in ſome . 
e places North, as upon the Coaſt of Holland; yea, and in hd 
* Home Places Eaſt, as in the Britiſh Channel, which makes a- iff 
reof 


A ſecond Objection is, that if the Tides, be cauſed by the 


gainſt my former Aſſertion. 
a Attraction, it ſhould be High- Water at all Places, 


* Frhen the Moon is upon the Meridian of the Place, or that a 
1 North and South Moon ſhould make full Sea in every Place; 
u dut the contrary is evident by the Tide-Tables, and by the 
1 Experience of all Sailors. | | 

uin anſwer to the firſt, viz. that the Flood- Tide ſhould ſet 
- Weſtward in all Places, = Anſwer to which will allo partly 
f hh Tvply an Anſwer to the ſecond, viz. that it ſhould always be 
Us Hligh-Water at any Place, when the Moon is upon the Meri- 


ian of the Place) I grant that if the Tides be occaſion'd as be- 
| Pre aſſertcd, then this regular Motion of the Sea, from Eaſt 
* % Weſt, muſt neceſſarily follow, if this terraqueous Globe 
= pere equally environ'd with Water, and that the aforelaid Mo- 
Jon of the Sea were not interrupted by the Land; but it is 
ident, eſpecially where the Sea joins immediately upon the 
EF e!t of any Main Continent, that the Flood cannot ſet Weſt- 
EFards there, becauſe that would be right from the Shore; " 


” 
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for Example, ſuppoſe the whole Land of Europe and Africa 
were all one Main Continent z and ſuppoſe the North Cape of 
Finmurk, in about Lat. 71 North, and the South Cape of 
Africa, in about Lat. 34 South, were both under one Mei. 
d':n, and that this Main Continent were terminated on the 
Wot with a ſtrait Coaſt, lying under the ſame Meridian, that 
the two extreme Points, the North and South Capes, lie un. 
der; now it is plain, that the Tide cannot come from the Ex: 
ward upon this Weſt Coaſt ; but if the Tide be cauſed by thi 
Weſterly Motion of the Sea, according to the Motion of the 
Moon, it muſt ſet Weſtwards, about the North and South 
Parts of the ſaid Continent, and ſo proceed from the North 
Cape Southward, and from the South Cape Northward, along 
this Weſt Coaſt; and the Truth of this ſeems evident all 
from our common Experience; for we find, that the Flo 
proceeds from the Northward, along the Coaſt of Norwg if 
and there finding a Paſſage between Scotland and Noruwa, 
marches along the Eaſt Coaſt of England, and hence it is High 
Water ſooner in Scotland than in England, and ſooner on the 

Coaſt of the North Part of England than on the South Parth; 

thus it is High-W ater at Aberdeen in Scetland, 45 Min. afte 
Moon's Southing, but at Tinmouth- Bar, not till three Hou 
after, and at the Spurn 5 Hours and 15 Min. and at Cromer 

Hours, and at Tarmouth- Pie, 9 Hours, and at Harwich 10 
Hours 30 Min. after the Moon's Southing ; the Tide, at th: 
ſame Time being rolling along the Weſt Coaſt of Scotland, ai 
from thenee to the Welt Coaſt of Ireland, that Paſſage between 
the North-Eaft Part of Ireland, and the South-Weſt Part of 
Scotland, being fo narrow, that the Tide finds little Paſſage 
and therefore the Eaft Coaſt of Ireland is ſupplied by a Ti 
which ſets Southward along the Welt Coaſt ; and hence tit 
Tide flows Eaſtward, along the South Coaſt ; and Northbwai | 
along the Eaſt Coaſt thereof, as is evident by the Time of Hig 
Water obſerved in the Tide-Table ; for upon the Full a | 
Change Days, it is High-Water at Scyn-Head at 10 Hours ?W- * 
Minutes, from thence in 6 Hours it poſſes along the W eſt Coll 
and butts in upon the South Coaſt, ſo that at 4 Hours 30 Minute 
it is High-W ater at King ſale, Cork and Waterford, and frol 
thence in 45 Minutes more, it paſſes over to Milford, Lund. 
Se. and at the ſame time it flides Northwards, along the Ei 
Qeaft of Ireland; fo that in 3 Hours 45 M. it lows from//al"F | 
ford t Dublin, and in 45 Min, more to the e of Man, 
Thus the general Motion of the Tide to the Soythwie 
having, as by a Branch proceeding from thence, fil d up alli 
Vacancy between Enrland and Ireland, it POE OY Y 
| Outhu 
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$outhward, and upon the Full and Change Days, it is High- 
Water at the Land's End of England at 7 Hours 30 Min. and 
Þ its unwearied Motion to the Southward it finds a Paſſage 
up the Briti/h Channel, and 45 Minutes after High-Water at 
tte Land's End it is High-W ater at Portland, and in 3 Hours 
Js Min. more, it is got up to the Iſle of Vight, Southampton, 
and Portſmouth, being High-Water at the fame Time on the 
other Side of the Channel, upon the Coaſt of France, about 
Guernſey and J7erſey, and fo proceeds flowly along the Coaſt of 
France and Holland till to the Northward „being ſupplied by a 
Tide up the Channel; and this (to follow it no further) may 
ſuffi ciently prove, that the General and Original Motion of 
the Tide Weſtwards occaſions its Motion to the Southward 
Along the Coaſt of Norway, and conſequently all its compound- 
ed Motions and Branchings into the h Sea, the Channel, ec. 
And it is evident, that although the Tide, if not interrupted, 
| Zſhould be at the Height where the Moon is upon the Meridian; 
yet it finding ſo many whirling Motions to and fro between 
the Lands, the Moon, at the ſame Time, keeping her ſtrait 
and uninterrupted Courſe to the Weſtward, all the Time that 
thoſe irregular Vacuities are filling up, it is plain, that the 
Moon — needs be paſt far from the Meridian before it can 
be High- Water at ſome of thoſe Places, and yet the Tide oc- 
Zcaſion'd as before aſſerted; which I think will ſufficiently an- 
ſwer the two Objections before mention'd, and prove this Hy- 
Zpotheſis to be very conſiſtent with Reaſon it ſelf, and the Ex- 
perience of all Obſervers. 3 
Nov if any Body will {till inſiſt further upon what I hinted 
upon before, viz. That the Tide is occaſion'd by a Confluence 
of Water ariſing at the Mael-ſtream, or Navel of the Sea, and 
ßproceeding from thence, &c. and for Confirmation thereof will 
alledge that they have ſeen and obſerved this regular Riſing and 


60% ſwer, I can eaſily approve of this Opinion, without denying 
mine own hitherto aſſerted ; for they are very eaſily reconcile- 
able; ſince it is poſſible, and very probable, that this Ebbing 
and Flowing, at the Mael-ftream, may be oceaſion'd by ſome 
ſubterraneous Cavern, whereby this Place hath ſome Com- 
Z munication with the Eaſtern Seas, and is ſupplied from thence ; 
which being granted, it will follow, that while the Tide 
EZ (whoſe general Motion is Weſtwards) is interrupted by the 
WF 7 Continent of Norway, &c. and thereby is forced to find a Way 
about the North Cape; yet by the Way, finding this Paſſage 
under Ground, and the Tide, by Virtue of the Moon's Attrac- 
tion, inclining that Way, there may be ſuppoſed to be fo 
Y 4 much 


Sinking of the Water (before ſpoken of) at that Place; I an- 
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much Water convey'd that Way as that obſcure Paſſage can 
contain, though far ſhort of ſo much as to occaſion that Flow- 
ing and Ebbing that is obſerved ; and this being granted, it is 
evident, that this Riſing and Falling at the Mael-ſtream, muſt 
needs keep time with the Motion of the Moon, and of the reſt 
of the Tide ; becauſe it proceeds from the ſame Original, and 
is a ſmall Branch thereof; and this we may ſee luſtrated by 
our common Rivers, whoſe Natural Motion, when interrupted 
by Banks, or other Impediments, cauſeth the main Body of 
the Water to find a Paſſage ſome other Way; yet if at the 
ſame time, any ſmall Holes be found in the ſaid Banks, there 
will always ſo much Water paſs thereby as the ſaid Holes can 
contain; tho* the main Body of Water is forc'd another Way: 
Hence, from what hath been ſaid, it is plain, that this ſmall 
Flood and Ebb obſerved at the Macl-ſtream, muſt needs have 
the ſame regular Motion with the reſt of the Tide, which I ſup. 
ſe has at firſt occaſioned, and ſince ſeem'd to confirm that 
pinion that the Tide proceeds only from thence. 

To what has been ſaid I ſhall only add, that this that I have 
here aſſerted ſeems yet to be further confirmed by our Obſer- 
vations abroad; for it is obſerved, that there is a little or no 
Tide at the Straits of Gibraltar, nor upon the Coaſt of Gui- 
7ea 3 nor can it be expected, according to this Hypotheſis ; for 
it the Tide comes from the Northward, it may be ſuppoſed, 


that by that Time that it hath paſſed ſo far along, and having ſo 


many Vacancies to fill up, as the German Ocean, the / 


Sea, the Britiſß Channel, the Bay of Biſcay, &c. its Power 


muſt be very much impaired, if not totally exhauſted, before it 
<omes ſo far as the Coaſt of Africa before-mentioned. 


Now it may be queſtioned, what is the Reaſon that there 1s 
little or no Tide in the Baltick Sea, ſeeing there are ſtrong Tides | 2 
almoſt on every Side of it, viz. upon the Coaſt of Norway on Þ 
the North of it, on the Coaſt of Holland on the South,, 


and on the Coaſt of England on the Weſt of it, &c. 


I anſwer, it is hard to determine abſolutely what is the Cauſe | 7 
thereof; but I ſhall lay down ſome Conjectures. which may Þ I 


conduce ve 


much that Way; for if it was High Water a þ 
the Naze and Coaſt of Norway at the ſame Time that is High-“ 
Water upon the Coaſt of Jutland Southward from the Baltic: | 7 


Sea, it muſt needs force a Tide into the Baltick Sea, as well“ 1 


as High-Water upon any Coaſt forces a Tide up 


the Inland) 
Rivers there; but this cannot reaſonably be expected, it we © 
conſider, that the Tide along the Coaſt of France, Holland, and he 
Jutland, proceeds from the Britiſh Channel, and comes from 
thence Northwards, along the ſaid Coaſts of Holland, Cc. by | 

| | the 
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tdbe Tide upon the Coaſt of Norway ſets to the Southward, 
as hath been largely proved, the two "Tides both terminating 
nt the Mouth of the Baltick Sea; hence it is very probable, 
© that it may be High: Water upon the Coaſt of Jutland, when it 
may perhaps be Low-Water or ſome intermediate Tide at 
the Naze, or South Coaſt of Norway; and if fo, it cannot 
force a Tide into the Baltic Sea, but rather a ſucking Current, 
or Inclination of the Sca from that Place on one Side of the 
Mouth of the Baltick Sea where it is High-Water, to that Coaſt 
on the other Side where it is Low Water; and hence it will 
. neceſſarily follow, that this Current muſt ſet ſometimes one 
Way, and ſometimes another. And this * be aſſigned as 
' a Reaſon why many have found themſelves deceived in their 
* * Reckonings, when intending to make the Naze, or other 
Lands thereabouts ; and when they have imputed their Miſ- 
take to a Current ſetting towards that Point of the Compaſs 
towards which they have found themſelves unexpectedly car- 
* ried, thinking thereby to regulate their future Reckonings, 
they have found themſelves at another time under a quite con- 
* *trary Error, and hence have concluded that there was no Cur- 
*reni at all, but ſome other Thing hath been the Cauſe of their 
Error; whereas, if the Tides upon the Coaſts of Norway and 
© Jutland, viz. on each ſide of the Mouth of the Baltick Sea, 
„ | © were carefully obſerved and determined, and the Current al- 


. 


© lowed to run or ſet from the Higheſt Water to the Loweſt, (up- 
on which of theſe Coaſts ſoever it were) and to be at a Stand 
er | only when the Water upon both the ſaid Coaſts were of equal 
it 


Heighth (whether Riſing or Falling) I queſtion not but has? the 
Motion of this Current might thereby be limited and determined, 
as well as the Motion of the Tides elſewhere, and due Allow- 

es | ance might be given for the Current there, as well as for the 
on! Ebbs and Floods in other Places, to the great Satisfaction and 


h, | Advantage of thoſe that uſe the Ea/?-Country Trade. 
This Motion of the Tide thus granted, I ſhall next ſhew 

ule | how to find the Time of the Moon's Southing, and (with a 
ay little Application) the Time of High-Water by a Sight of the 
a ö Moon, at any Time of the Day or Night. 

h- 
25 Hou to know the Time of the Moon's Coming to Sth, only by a 
. 5 Sight of the Moon, at any Time of the Day or Night. 
land? 

we III is commonly known, that the New Moon being in Con- 
and] I junction with the Sun, Souths at Noon, and the Full Moon 
rom] being oppoſite to the Sun, comes to the South at Fi. 61 
by Midnight; and at the Quarters, when ſhe is juſt >" 5d 
the 


1 | half 


ſuppoſed to come as far over the Moon's Bo 
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half full, viz. to the Line N. 6 S. which croſſes the Figure di. 
rectly in the Middle, then ſhe is South at 6 o' Clock, and if the 
light Half be on the Weſt fide, N. W. S. and ſhe half full, fe 
Souths at 6 in the Evening, as at the firſt Quarter; but if the 
light Half be on the Eaſt Side, N. E. S. ſhe Souths at 6 in the 
Morning; which granted, the Moon's Coming to the South 


upon any other Phaſis: or at any intermediate Age, may be 


ealily gathered from the Figure, obſerving this General Rule, 
when you fee the Moon at any Time of the Day or Night, ob. 
ſerve how much of the Moon is light, whether on the Eaſt or 
Weſt Side, and compare it as near as you can with the Figure, 
eonſidering to which Line in the Figure you ſuppoſe the Foot 
Part will reach, and obſerve what Number is upon that Line, 
for that is the Hour at which the Moon will come to the Meri. 
dian that Day or Night; as for Example. | 

\ Suppoſe I obſerve the Moon, and find her ſomewhat more 
than half light on the Eaſt Side, ſo that comparing the Moon 
with the Figure, I ſuppoſe the light Part fo appear like the light 
Part of the Figure; then I obſerve to what Number the light 
Part reaches, and I obſerve it reaches to the Number 5; aud 
hence I conclude, that the Moon comes to the South about 
5 O'Clock; and becauſe the Light Part is on the Eaft Side, | 
8 it is at 5 in the Morning ſhe will be upon the Meri. 
Again, Suppoſe I ſee her in the Evening, and the light Part 
en the Weſt Side, as near as I can compute, to be like the 
darker Part of the Figure, towards the right Hand, then ob- 
ſerving how far the light Part extends, I ſee it comes to the 
Figure 5, and becauſe the light Part is on the Weſt Side, 
conclude ſhe will be South at five in the Evening, &c. 

And thus as you obſerve the Moon two or three Days after 
the Change to appear in the Weſt in the Evening, with a very 
little Light on the Weſt Side, which by Computation may be 

0 as the Figure 
3, I conclude ſhe has been upon the South that Afternoon 
about three o'Clock, and the next Night you will obſerve the 
Light to increaſe, and come towards the Figure 4, I conclude 
ſhe was South that Afternoon between 3 and 4, or near 4, 
and then perhaps 5 or 6 Days after, I obſerve the Light Part 
increaſed beyond half the Body of the Moon, as far as the 
Arch N. 8. S. I conclude from hence, that the Moon is South 
about eight that Night; and although this Method is not ſuf- 
ficient to find the Moon's Southing exactly to a Minute, yet 
it is of ſufficient Exactneis for reckoning the Tides, where 1 


Quarter of an Hour, or Half an Hour, make no material E:- 
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ror; it being generally impoſſible to predict the Tides. to 
the abſolute Exactneſs of a Minute, although you had the 
Moon's Southing exactly, becauſe Winds, or Land Floods, 
&c, may alter the Tides, and few that have the Charge of a 
Ship will truſt to the firſt or laſt Scruple of the Tide for going 
into an Harbour, or coming out, but will endeavour, if poſſi- 
ble, to have the beſt of the Tide, and to be ready for it againſt 
it come, whether Ebb or Flood. | Fe. By 

The Moon's Southing being thus-found, the next Thing is 
to ſhew how thereby to find the Time of High: Water, at any 
known Port; and for an Help thereunto. I have inſested a 
Tide-Table, in an Alphabetical Order, in which you need bur 
find the Name of the Port, at which you would know the 
Time of High-W ater, and againſt it you have a Number of 
Hours and Minutes, which added to the Time of the Moon's 
Southing, gives the Time of High-W ater at that Place that 
Day ; as for Example ; 

80 poſe I were ly ing before Tinmouth Bar, waiting for half 
Flood to go in, I happen to ſee the Moon in the Morning, and 
I obſerve the Eaſt Side of the Moon to be light, like the light 
Part of the Figure before ſpoken of, viz. It is by Computation 
ſo much above half the Body of the Moon, that the whole 
light Part reacheth to the Figure 5 and becauſe the Light is 
on the Eaſt-ſide, I conclude ſhe is South at 5 in the Morning, 
then I look in the Tide- Table, in the Letter 7, and find Tin- 
mouth, and againſt it I find 3 Hours a Minutes, which added 
to 5, the Time of the Moon's Southing, the Sum, which is 
8 Hours o Min, is the Time of High- Water at Tinmouth-bar 
ſo that I find I may go in about 5, 6, or 7 o*Clock, with the 
Flood Tide, according to the Draught of Water that my Ship 
requires, | 

7 it is not neceſſary, that you ſhould always have this 
Book or Figure about with you, for you may, with a very 
little Practice, get the Nature and Reaſon of it imprinted in 
your Memory, always cee that the New Moon being 
with the Sun Souths at Noon, and the Full Moon being oppo- 
lite to the Sun, Souths at Midnight, The Moon in the firſt 
Quarter is South at 6 in the Evening, and at the laſt Quarter 
is South at 6 in the Morning. All the intermediate Times of 
her Age may be eaſily computed according to the Figure, ex- 
act enough for finding the Time of High- Water at any Port 
mentioned in the Tide- Table. 

If any will object, that what hath been ſaid ſerves only for 
finding the Time of High-Water, at Places mentioned in the 
Tide-Table, but no where elſe; I anſwer, that by this Wa 


of 
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of finding the Moon's Southing, and conſequently the Time of 
High-Water at any Port mentioned in the Table, together 
with a right Apprehenſion of the General Motion of the Tides, 
as you have it ſufficiently deſcribed and illuſtrated, in the Be. 
ginning of this Section, you may be able to give a very good 
Account of the Tide both at thoſe Places inſerted in the Table, 
and at thoſe that are not, provided you know but upon what 
Coaſt the Places are, and how ſituate from ſome known Place 
expreſſed in the Table, and whether they are upon the Sea. 
Coaſt, or up ſome River, and the like; as for inſtance, ſup. 
poſe coming from the Weſt of England, up the Channel intend. 
ing for Bulloigne, and not having a Tide-Table that hath the 
Port of Bulloigne expreſſed init, I am at a Loſs to know how 
the Tide falls, (ſuppoſing it at New Moon.) Now ſuppoſe in 
my Tide-Table, I find Diepe at Duxkirk (Ports on each Side 
of Bulloigne) and upon Examination I find it is High-Water at 
Diepe, on the Full and Change Days, at 9 Hours 45 Min. 
Again, I find it is High-Water at Dunkirk the ſame Day at 
12 o'Clock ; now I conclude that Bulloigne lying betwixt theſe 
two Ports hath allo High-Water between theſe two Times, and 
not long after High-Water at Dzepe, as, if you look in the 
Table, you will find it is High-Water at 10 Hours 3o Min. at 
the Full and Change. | 

In like manner, if you obſerve the General Motion of the 
Tide to the Southward, along the Eaſt Coaſt of England, and 
to the Eaſtward, up the Channel, &c. you may, by knowing 
the Time of High-Water at any Port, very eaſily compute 
the Flowing and Ebbing of the Tide at any adjacent Port, 
and with Allowance for deep Bays, or inland Rivers, you 


may very nearly determine the Time of High-Water at any | 


deſired Port. 


But for Variety and the univerſal Satisfaction of all Navi- 


gators, I ſhall inſert another (though common) Method of 
finding the Moon's Age and Southing, by the Epact, in or. 
der to which you muſt firſt find the Golden Number, which 
is thus done. 

Add 1 to the Year of our Lord, and divide that Sum by 19, 
the Remainder is the Golden Number, 

2. For the Epact multiply the Golden Number by 11, and 
divide the Product by 30, the Kemainder of that Diviſion 1: 
the Epact for the Year propoſed. 

3. For the Moon's Age add the Epact, the Day of the 
Month, and the Number of the Months (as expreſſed below) 
together, and caſt away 3© if the Sum exceeds, the Total it 
under 30, or the Excetis it above 30, is the Moon's Age. : 

4. Fol 
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For the Moon's Southing, multiply the Moon's Age by 
4, hr divide the Product by 5, the Quotient is the Hour, and 
for every 1 that remains add 12 Min. gives the Time of the 
Moon's Southing. 


The Numbers for the Months are 
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0212345 6 and 8 
8 10 and to theſe are the Numbers right. | 
That is, Jan. o, Feb. 2, March 1, April 2, May 3, June 4, 
July 5, Auguſt 6, Sept. 8, Octob. 8, Novemb. Io, Decemb. 10. 


Note, The Epact i is here ſuppoſed to change the firſt of 7a- 
nuary. 


Example. 


I defire to know the Time of Oe 7 Ine at Berwick the 
16th Day of October 1722. 


Firſt for the Golden ner 


The Year —— 1722 


| 19) go 
Add 1 13 
Sum — — 1723 


The Quotient 90 is of no Uſe in this Caſe; the nee 


; 13 is the Golden Number required. 


1 


EN 
|} 


(1) multiply by 
4 Number 8 3), the Sum (23) is the Epact. 


To find the Epacr. 
The Gold Number 13 
Multiply by — 11 
13 
13 


The Product 143 divide by 3953305 


Remains the Epact 
Or divide the Golden Number (i i: 3) by 


, the Remainder 
Io, the Product (10) 04 to the Golden 


For the e Ss Ave. 


The Epatt — — 27 
The Number for OAber 8 
The Day of the Month 16 


Sum 


. 8 3 


47 from which abating 30, 
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the Remainder 17 is the Moon's Age required, the Moon 
changing the 29th of September, as may be ſeen by the Table 


of the Moon Changing immediately following the Tide. | 


Table, 
For the Moon's Shut hing. 


Multiply the Moon's Age 17 by 4, the Product 68 divide 
by 5, the Quotient is 13, and 3 remains, viz. 13 Hours and 
36 Min. paſt Noon, or 36 Min. after 1 the next Morning, to 
which add 1 Hour 30 Min. found againſt Berwick in the Tide 
Table, the Sum 3 Hours 6 Min. is the Time of High-Water 
at Berwick, October 17, 1722, in the Morning. 


But becauſe the Spring Tides do not ſhift ſo much as the 


Neap Tides, you may yet be more exact in uſing the Table 
annexed. 

The Uſe of this Table is very eaſy, | Moon's | Time. | 
I Hl inſtance in the foregoing Ex- f Age. H. M. 
ampie, — — — 

Nad the Moon's Age 17 under 16 42 
{Moon's Age] and againſt it in the 17 21 
Column of [Time] you have 1 Hour 


— 


I O 

2 1 

1 
21 Minutes, which added to 1 Hour 4 19] 2 22 
30 Minutes, the Time found againſt $203 3: 53 
Berwick in the Tide-Table, the Sum 6 2t 1 4-28 
2 Hours 51 Minutes is the Time of | 7 22| 4 8 
High-Water required, differing from | 8 23] 4 55 
the former by 15 Minutes, aud-nearer 9 24| 5 5 
the Truth, becauſe it allows for the | 1o 25 6 5; 
different ſhifting of the Tides ; but | 11 26 7 58 
either way is exact enough for com- 12 27 9 4 
mon Uſe. 13 116 8 

14 29 | 11 5 

. 0 0 8 


(Sp. Note, What is here ſaid of the Tides is meant 2s 
to their General Motion; the half Tides, quarter Tides, and 
Currents, being a Thing that depends ſo much upon Expe- 
rience, that it in vain to treat of them here. 


| | I. ; 
A large Tide-table after a New Method. 1 
8; A H. M. e 18) 
A Berdeen © 45 | Bremen 6 bl 41 
H Army I 30 | Blackney 6 41 
dt. Andrews 2 15 | Briſtol 6 "| 
Amſterdam 3 © | Briſtol Key 6 4 | 
Armentiers 3 © | Bridgwater 7 30 me 
Abroth 5 15 | Cape Blancg 9 45 "4: 
Antwerp 6 © | Bulloigne 10 3 | 1 
Archangel 6 ©] Race of Blanquet 12 | "1 " 
Abermorith 6 0 1 
Amazons River in ER PRs 4 
South America 6 o C H. M. 1 
| [Aldborough 9 45 (HE Cantin in 1 
1 Barbary oO © 13 ? 
TIES Calais without I 3 1 | 
i 8 H. M.] Camfere I 3 1 
 JDEACH o © | Coquet 3 © - Ah 
D Bajador in Bar- | Cork in Ireland 4 3 1 
; bary o © | Cape Clear in Ireland 4 30 170 
Blacktail Beacon o 15 | Caldy 5 15 15 5 
Blackneſs 1 30 | Carnarvan Bay £36 % 
Bell Iſle 1 3o | Cromer 6 o Bad F 
Berwick 1 30 | Caſkets without 81 167 5 
Pluet without 215 Cape Sierre- lion in 24 
Pritain South Coaſt 3 o| Guiney 81 414 
Biſcay Coaſt 3 © | Chamberneſs 9 4 . 
Bourdeax River 2 © | Cowes 10 3 
Buchanefs 5 o | Caen in the Foſs 10 3 
Bona Eſperance 3 © | Calais Read 10 30 
Breſt 3 45 | Calſhot 11 15 
Baſs without 2 45 | Condado 12 
Pridlington 345 
Bourdeax River EY” nets 3 
> within 3 45 a H. M. 
provage without 3 45 Unkirk o q 5 
Baltimore 4 30 Dover Port o 1 
pree Sound 4 30 Port Deſire in America © 1 
1 — | 7 R . _Downs | 
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L 
785 H. M. HM 
Downs 1 3o | Florida in Carolina 7 vl 
Dundee 2 15 | Forcland North and 7 | 
Denby 2 15 | South e f 
Dort e — —2 ꝑ F 
Dunbar "2 0 4" G H. nn 
Dungarven 4 30 braltar Road o ot 
Dartmouth 5 AN 1 Graveling rr WM: 
St. David's Head 6 © | Guernſey o 0 ] 
Dublin in Ireland '8 15 | Goree 1 l 
Dunnoſe 9 45 Graveſend 15 
Diepe 9 45 | Galicia 3 
Dunwich 9 45 | Gaſcoigne 2 os | 
{Dungeneſs 9 45 | Groyne 3 | | . 
Dover 10 30 Gorend 11 1; I 
E H. M. H 7 
Mden 8 8 Ever 0 0 | 
Eider o 0 [11 Hem 0 1 
Elve © Holy Ifland 13 | 
Enchuyſen o 0] Hartlepool 3 0 5 
Edam 1 20 | Huntcliff fost 3148 |. 
Edinburgh 4 30 | Humber without 4 | 
gmon 4 30 | Holms 6 8 
xwater 7 30 | Hull ol {| 
ntrance of the Emes 7 30 Hamburgh 6 0: 4 
—— a * > | Hague 8 19 1 \ 
F H. M. Harlem - 9 * þ\ 
Landers Coaſt oO. © | Havre de Grace 9s 
Fluſhing o 45 | Harwich 10 FS | 
Finmark Coaſt 1 3o | St. Hellens 10 08 * 
Fountney without 2 15 — . 
Flamborough Head 30 3 H. H by 
air Iſle 3 ©] TUtland es o 08 |. 
rith 4 30 Ireland W. Coaſt 3 2 
Falmouth 4 30 | Ireland South C/ 5 1588 
Forn 5 15 | John de Luce 10 NR 1 
y e = = 3x 
Foulneſs 064A] _ K +: E. WS x 
The Fly 7 30 Entiſh Knock o (RE 
rieſland Coaſi 7 30 Killiars 2 3. WS iN 
1 mae 


4 large rr run © 


"(aj A n 


U 


Chap. II., 
1 HM. 
[Kinſale in Ireland 4 30 St. Nicholas i in Ruſſia 
Kilduyn 7 30 Needles 
—— _ — || Normandy Coaſt . . 
: I. H. NM. Naze 
Isbon 2 1 5 — — 
St Lucas "351 1 
London 3 W 
Leith 4 30 | O Orwell 
Lawreneſs 4 30 Orfordneſs | 
Lynn without 5 15 BD — — 
Lundey 5 15K 
Lynn 6 O Ortſmouth 
L anion 6 45 | Poictou South 
Landſend 7 il 8 Coaſt 3 
Lizard 7 30 [Pens 3 
Lam Bay 8 15 | Porthus 3 
| © |Leoſtoffe 9 45 | Portugal Coaſt 
i * [|Lenow 9 45 | Plymouth g 
rm = 1 St. Powls 6 
M H. M. Podeſemſk in Ruſſia 6 
AZE within o 45 Portland 8 
" 4 Malden o 45 | Peterport 8 
It. Mark 2 15 | Picardy Coaf? — 10 
Ft. Matthew's Paint 3 45 5 —— 
IMount's Bay 4 30 . - H. 
| [Milford 5 15 Ueenborough. 0 
IMoonleſs 5 15 Quebeck in 
= |St. Maloes 8 1514 Canada 6 
IMagnes Sound B 15 | —— — — 
© |Mecknels Caſtle 83 R H. M. 
Ilſle of Man 9 0D Ebdan O 4; 
3 _ Mead II 15 Rocheſter O 5 
3 — — — Rumney | DE 
5 H. M. Ramkins 13 
Newer in the Ile | Robin Hood's Bay 3 
ll of Wight o ©o\ Rotterdam 3 
Nore Weſt End 9 © | Rovain 3 
North C. Maggero 2.6 ! Rochel without 3 
ES |Nantz River without 3 © | Roan River within 3 
5 15 | Ramſey 3 


K 
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R H. M. 
e 11 1 
Rhodes II 5 
8 
HO E © oO 
O Sheerneſs oO © 
Sleeve O0 © 
Southampton © © 
Spits 0 © 
Shotland 3 © 
Scill 3 is 
1 3 45 
Sound 3 45 
Staples 3.45 
Severn 430 
Seven Iſles 4 30 
Stockton 5 15 
Spurn 8 15 
Salcomb T3 © | 
Start 6 45 
edmouth 6 45 
Selberg — 
Seven Cliffs 9 © 
Shoreham 9 45 
eyn-Head . 10 30 
ys 10 30 
T 1 
Erveer within 0 45 
Tenet 1 304 
Terveer without EP | 
Tinmouth 2 
Tees Mouth 3 0 
Teneriff 3 
Torbay 5 15 
= * 


| | 
Texel 


Kii ale ch weeds 


Tergon 
U 

RK O © 
Uſe 3-0 
Uſhant without 6 © 
St. Vallery 10 30 
H. M. 
| 19 of Wigke © © 
Winchelſea 0 45 
Weilands 1 30 
Whitby 1 
Waterford in Ireland 4 30 
Weymouth 6 © 
Wells 6 0 
Weymouth Ney 6 45 
Wieringham 7 0 
Winterton 90 
H. M. 


Vong in Ireland 4 30 


Yarmouth Road 


8 15 


| Yarmouth Peer 9 o 
| Yarmouth Town 9 45 
Yarme 0 45 
H. MM. 

2 
Ealand Coaſt. 1 30 
AZeiericke Zee 3.9 


T 10 
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The Uſe of this Tide- Table is the ſame as other Tide: Ta- 
bles ; for when you deſire to know the Time of High-Water 
at any Place mentioned in the Table, you need but look in 
the Letter that the Name of the Place begins with: and there 
having found the Place you want, fee what Hour and Minute 
ſtands againſt it, which being added to the Hour and Minute 
of the Moon's coming to South, the Sum (abating Twelve 
Hours, if it exceeds, 1s the Time of High-Water at the Place 


7 N that Day. Example; J deſire to know what 


ime it will be High- Water at Harwich, March the 6th, 1724, | 


I look in the Letter H, and find Harwich; and againſt it Io—3o, 


which added to the Moon's Southing that Day, the Sum is 
14 38, from which caſt away 12, the Remainder is the Time 


of High-Water : Of which ſee more in the Explanation of the 
following Table of the Moon's Changing. 110 


The Uſe of the following Table of the Men's Changing is ſo 
eaſy, that it needs little Explanation ; for find the Year in the 
firſt Column on the Left-hand, and the Month at the Top, and 


in the common Angle you have the Day and Hour of the Moon's 
Changing that Month. 8 ET, 
Note, N. ſtands for New Moon; F. for Full Moon. Example; 
I deſire to know the Moon's Changing in June 1750 : Find 
1750 in the Left-hand Column, and againſt it, under June, 
you find 22. 7. that is, the Moon changes June 22 at 7 in the 
> Morning; and where you find two Numbers againſt one Year, 
and under one Month. the Moon changes twice that Month; ag 
1| againſt 17 555 under January, you find 3 1 * that is, 
the Moon changes twice in January 17 55, viz. the Firſt Day 
gat 1 in the Morning, and the Thirty-firſt Day at 5, and ſo in 
the reſt: From hence you may eatily find the Moon's Age, 


and her Southing, and conſequently the Time of High- water 


at any Port mentioned in the Tide-Table. 
Example. I would know what Time it was High- Water at 
Haruich, March 28, 1753, I look for the New Moon next 


YH before, and I find it was March 23, and hence the Moon on 


March 28 is 5 Days old, which multiplied by 4, and the Pro- 
duct 20 divided by 5, the Quotient is 4 for the Moon's South- 
ing, or 4 Hours o Minutes after Noon, to which add 10 h. 
Zom. the Hours and Minutes ſtanding againſt Harwich in the 
Tide-Table, the Sum is 14 Hours 30 Minutes, from which 

& caſt 22, Remainder 2 Hours 30 Minutes, is the Time of High- 
Water at Harwich required. 


'S 4 Mete, 


i 


354 A Table of the Moon's Changing for 7 Tears. 
| jan. | Feb. | March April May June 
Years N. and FN. FE. N N. F. DN. F. N N. F. Y N. F. 5 
D. H. [D. H. D. H. D. H.] D. H. D. E 
| bl 20.10N [|25.8.N[26.4N. 25. 1.N 24. 9. N 22. 7:N 
5750 12. 4. F Lo. 3.F|112. 1. F 10. 1 0. H 9. 6.F | 8. 3-F 
6. 9. N 
| 10.10N eu 14. 5:N[14 1. NO 12. 9.N 
1751 >| 2. o. F [14.1ON]| 1. 4. F 
bit 31. 4F 31. 3.F 29. 11. Fz8. 7.F 24h 
5. 2. NN 4. 8. N 4. 10N 1 3.9.N| 2. 6. NY o. g. N 
1752 20. 8. F 19. 2. F. q. 4.F 18, 3-£}1 7» o. F 12 7. F 
| 23.10N .. 22. 4.Nſ23. 7.N 222. 8.Nſ|z1.5.N 420. 1.N 
1753 $ 8.8.F | 7. 4F| 8. 10. F | 7. 1. F 7. 1.F | 5.11F. 
1 2. 9. N III. O. NII 2. 10d I. 2. NI I. 4. N | 9g. 3.N 
754 27. 3. F. 80 5. Fay. 4. F a6 8.F[25- 10F | 24. . F 
JF 1.,.1.N 8, 10NC 
| 2 30. 8. NA q. iN [28.11N 
.S. NZ 14.11. FI. 4.N 3? 2 
1755 992 870 4 0. 4. K 15. 9. FI 5. 755 1. 
1766 2 O- o. N 19. 2.N|19. 5. N 10 9. N18. o. NS [16. 2. N 
75 = 6. F I 4. 6.Fi 4. 8F 3. 11. F 3. 2F | 1. 6.F) 
—7 July [Auguſt | Sept. Octo. | Nov: | Decemk 
Years'|N,F. PN. F. N N. F. DO N. F. ) N. F. DN. F.) 
D. H. D. H.] PD. H. P. H.] P. H. P. 
| Ia: 7N |20.8.N[19.1.N [19.6,N[18.3.N II /. 6.N) 
1750 7.1.F 7. 1. Fl 4.2.F 4. 6. F 3. O. F z. 1 
11. 5. N o. 2. NI 8. 3. N | 8. 6. NI 7. o. N | 6. 8. N 
1751 & 26. 10F fg. 8. F234. S. F 23. 0. F2z1. 6. F 21. 2. F 
29. 3. N 8. o. N. 26. 11 N 26. 2.N/24. 8. N 24. 3. N 
1752 14. C. F 13. 9. 1 1. 6. F 11.87 9. 8. F Q 1. F 
IIN b 
19. 8. NY 17. 3. N 1 J [15-10N|14,10N ) g. 4. N 
1753 4 7F)1 3.2. F 2 Lk 30. 4. F 29. 4. F) 28. 10F 
9. o. N J. 8. NI 5. 4. N 5. 5 3. IIN 2. II. N 
l 754 | 23.6.F 22. 1. FRO. 10F 19. 7-F118.5.F 7. 5. F 
; 27.10N 26. 8. N24. 6. N 4. 3 N 22. I. N 22. O. N 
755 13. . 11. 4. Flo. 2. F 11. FJ 8. 9. F 7. 7. F 
a _ 14. 6. Ni 3. 7. N [12. 5. NI 1. 5. N 10. 4. N 
0 EM 29. ©. F28. 1.F ) zy. 0.F[25. 11 F) 25. 9. F 
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4 Note, If the Moon be leſs than 15 Days old, look for her 

Age the Day propoſed to find her Southing; but if more than 
Y 15 Days old, look for her Age the Day before on abate 1 
| from her Age the Day propoſed) and then work as before, be- 
> cauſe when the Moon is above 15 Days old, ſhe comes to 
South above 12 Hours after Noon, which may more properly 
de called next Momlng, and conſequently if you abate r from 
her Age found when above 16 Days old, the Southing found 
from thence is properly her Southing for the Morning of the 
| Day propoſed, Ge. 


SECT. VI. How to keep a Reckoning, 


AVNG thus learned to find the Variation, and to work 

an Obſervation, and alſo reckon your Tides with other 
Things neceſſary to be known, and having as Maſter, Mate, 
or Pilot of a Ship, taken your Charge for any Voyage, and 
having your Log-Line, Glaſſes, and other Things in 
2? Readineſs, you muſt provide a Log-Board ruled as Fig. 62. 
2 you ſee in the 425 
Then having ſet Sail, and got from the Shore, and out of 
the Set of the Tide, obſerve how the Land bears from you 
that you intend to take your Departure from; and alſo, as 
near as you can, compute the Diſtance you are from it, and 
then that Courſe and Diſtance pricked off upon your Chart 
\ gives the true Place of your Ship when you begin your Reckon- 
Ing. 6 
1 This done, having ſettled your Watches, and ordered a 
Man to the Helm for two Hours, let him obſerve carefully 
what Courſe he ſteers by the Compaſs, or if he be ordered to 
2 ſteer upon any given Courſe, let him take care to mind it, and 
2 at the end of two Hours let the Mate heave the Log, having 
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one attending him with the Half Minute Glaſs, let the Mate 
c0ver-haul off the Line, (having firſt caſt the Log with a few 
Fakes of Line into the Sea) till the Red Rag come to his 
Hand, and at that inſtant cry Turn; the Man with the Glaſs, 
Juſt upon that Word, as the Red Rag goes away, turning the 
3 Glaſs, and watching diligently : When the Half Minute Glaſs 

is juſt out, the man that holds the Glaſs, cries Stop; whereupon 
the Mate ſtops, and hauls in the Line, obferving exactly how 
many Knots, half Knots, and Fathoms are gone ont, and 
ces it down upon the Log-board, againſt the Hour at which 

tie Log was heaved, and thus proceed every two Hours all 
be 24 Hours, and then the Log-board will be full the next 
Day at Noon. Then having a Log book ruled every Page, 
8 3 like 
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like the Log-Board, with the Day of the Month at the Top, 
take of the Log into your Book, and rub out the Chalks up- 
on the Board, 15 is the Board ready for the next Day. I ſhall 
inſtance in a Voyage from a Place in Latitude * 8 North, to 
another Place in Latitude 57 50 North, and Difference of 
Longitude 8 30 ſet Sail Augu/? 24, at Noon, and running 
that Day as by the Log following, 

3- Note, Any 24 Hours Log, from Noon to Noon, is 
dated by the Day upon which it ends, and not upon the Day 
upon Which it begins; then if we ſet fail Auguſt 24, that 24 
Hours Log muſt be called 4ygu/? the 25th, &c, 

The Ship having run every two Hours as you ſee in the 
Log on the other fide, add up all the Knots together, the 
Sum 47 being doubled) becauſe you heave the Log but every 
two Hours) 1s 94, to which add the 4 half Knots, which in 
this caſe are accqunted as 4 whole Knots, becauſe they are 
alſo doubled : The Sum 983 Miles is the Diſtance run that 
Day.-——The Courſe is N. E. but becauſe there is a Point 
Variation Weſt, the true Courſe is N. E. by N. therefore {ct 
down under the Log made good 98 Miles N. E. by N. 

Then find in the Traverſe Table your Northing and Eaſt. 


ing, for that Courſe and Diſtance, and ſet it in the blank 


Space on the Right-hand as you ſee done. 

The Northing 81 5 Miles or Minutes added to the Lati- 
tude ſailed from 54 Deg. 8 Min. the Sum is the Latitude come 
to 55d. 29m. (the 5 which is placed after the 81 being but 2 
Decimal, or half a Mile, need not be regarded) which ſet alla 
down as you ſee, | ; 

For the Nifference of Longitude you may find it by the 
Traverſe Table, the Middle Latitude being 55, its Comple- 
ment 35 being found, and under it in the Column of Depar- 
ture, find the Departure, or Eaſting 54. 4 or the neareſt to; 
and againſt it, in the Column of Diſtance, you have 95 Min. 
or-1d—35 min, for the Difference of Longitude, made that 
Day, all which ſet down as you ſee. 

Now to find where your. Ship is, in the firſt or laſt of the 
Charts before-mentioned, which are all made for this Voyage: 
and firſt for the firſt particular Chart, Set off g Miles from 


A, upon a N. W. by W. Line, it will reach to the Point «, | 


the Place of the Ship required; or take the Difference of La. 
titude made that Day 81.5 in one Pair of Compaſſes; and 
the Departure or Eaſting 54. 4 in another Pair of Compal- 
ſes; then with one foot of each Pair of Compaſſes in 4, run 
that in which you have the Difference of Latitude along by 
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l. K. Kk. F. | Courſe | Winds Auguſt 25. 1750. 


Northing— 81. 5. 


48 N. E. Weſt Variation 1 Point Weſt. 


41-7 Diff, Longitude 1 31. 
— P — — 6———— — 2 3 
1614 I 
Si8| 5] - 
Ho] 5 
2 5 
21.4] 1 | 
— 444 4 
— 461 4 
Brat * — — — — — 
$1 2 1 | 
. 3 5 
ö 12 3 6 | 


| IMa e good o Miles North Eaſt by North. © 


; 
þ 


- 
4 


Eaſt and Weſt Line AC, and that pair in which you have the 
Departure along the North and South Line 4B, the Moveable 
Points will fall in @ as before. 

. To find where the Ship is in the Mercator's Chart, take the 
Laltude in one pair of Compaſſes thus; ſet one Foot upon the 
3 2 Line 


Lat. come to 55d. qm 
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Line 44. in the Latitude come to 55 29, which is at the Point 
9, and extend the other to any Parallel, as. ſuppoſe the Line 
56 55 ; then after the ſame manner take the Longitude in your 
Compaſſes, . running them parallel to any North and South 
Line, the meeting of their moveable Points, viz. at x, is the 
Place of the Ship required. Note, the Place of the Ship at 
x, in the third Chart is found by either of the two Methods 
by which it is found in the firſt. 


How to keep Account of a Ship's Way upon à Wind. 


| Ship is ſaid to fail upon a Wind, when her Tacks are 

Abroad, and her Yards ſharp Braced, and is commonly 
ſuppoſed to be within ſix Points of the Wind with Lee-way, 
according to the Sail ſhe carries, viz. 


All Sails ſet — 1 Try under Mainſail 

A Top- ſail in — 2% only 5 

Both Top- Sails in 1 Under Mizen only 6 
and a Sea 3 OMe Lye a Hull, all Sails 

Try under Mainſail Furled 7 
and Mizen — 4 


According to theſe Allowances of Lee-way, I ſhall work 
the following Examples; nevertheleſs, in Practice, Lee way 


muſt be allowed according to Judgment, for ſome Ships make 


more Lee-way than others, with the ſame Sail ſet, &c. 

This Example, Auguſt B, hath two Courſes, which muſt 
be reduced to one by the Rules for working a Traverſe by 
the Traverſe Table. The firſt Courſe is N. E. by the Com- 
paſs, but by the Variation allowed, biz. one Point Welt, it 
is N. E. by N. but the Wind being N. N. W. viz. within {ix 
Points of the Courſe, we muſt allow one Point Lee-way 
from the Wind, which brings it again to N. E. 
For the Diſtance, add up the lt ſix Number of Knots, 
during which Time ſhe lay upon that Courſe, the Sum 21 
doubled, and the two half Knots added, makes in all14 
Miles N. E. for the firſt Courſe. © | 

The ſecond Diſtance by the ſame Rule, is 39 Mites the 
Courſe by the Compaſs N.W. but a Point Variation Welt 
makes it N.W. by W. and a Point Lee-way which is alſo 
Weſterly, makes the Courſe made good to be W.N.W. the 
Diſtance 39 Miles, OED 
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Tart [DIR T North | South | Eat | Welf| By Tra- 
1 —4 — | —— | ——.| verſe Sail. 
| N.E. | 44 j 317 KALE Lol 1 
F. N. W. Iq— | | 6 © | formed by 
| wha | 39 | — — e the Table, 
E | 46—0 | 31 1 | you find 
| | | 3 the North. 
0 4 9 ng 46. O. 
| and the. 


Weſting 4.9. and by Caſe the ſixth of Plain Sailing, by the 
Traverſe Table, the Diſtance made good is 46 Miles North, 


6 Degrees Welt ; all which ſet down as in the firſt Day's 


Work : Then add this Day's Northing to the Northing got 
before, the Sum 127 5 is the Total Northing. Alſo ſubtract 
this Weſting 4 9 from the Eaſting got before, the Remainder 
49 5 is the Total Eaſting, both which ſet down as you fee ; 


Iſo by adding 46 Minutes to the laſt Day's Latitude, the 
Sum 56 15 is the Latitude come to. 


The Difference of Longitude is 9 Min. which becauſe it is 
Weſt, it is to be ſubtracted from the Longitude the Day be- 
fore, and the Remainder 1d. 22m. is the Longitude come to. 
Now to find where the Ship is, upon the firſt and laſt 
Charts, take the Total Northing in one Pair of Compaſſes, 
and the Total Eaſting in anothet Pair, and proceed as 27 
from A, the Place failed from, it ſhall produce the Point e, 
for the Place arrived at: Alſo in the ſecond, which is a Mer- 
eator*s Chart, find the Longitude and Latitude come to b 
the Method preſcribed in the firſt Day's Work, and their 
Meeting or Interſection is at the Point e, the Place of the 
Ship required. 


Were, In the firſt and laſt Charts you may ſet off one 


Courſe and Diſtance, by another, as in Traverſe Sailing Geo- 


Metrical; but I ſhall not inſert that way, leſt it too much 
confuſe the Draught. £58 r 
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Made good 46 Miles North, 6 Degrees Welle erly. wins 1 

How to correct a Reckoning by an Obſervati on. Fr 
AI 


N the following Day's Work, Auguſt 27, th * 
7, there is made good wh 
I 116 Miles; the Courſe, with Variation allow'd, is NI E. * 
by N. and the reſt as you ſee found by the foregoing Me- : 

thod. It 


Pn. By on Orwan. 561 


* 
7 A 
' | 8 
278 


* 


It is needleſs to give any more Examples of allowing for 


Lee-way or Variation, the Rule being the ſame when Lee- 
way is 4, 5) 6, or 7 Points, as when it 1s but one Point, only 
minding to allow as much as it is, and the right Way. Thus 
if a Ship lie North with Wind at E. N. E. and 6 Points Lee- 


| way, {he makes her Way good at W. N. W. &c. 


' My Reckoning at Noon, Auguſt 27, brings me into Lati- 
tude 57, 71; but, by Obſervation, which I muſt prefer be- 
fore the Dead Reckoning, I find I am in Latitude 57, 34. 
Now to correct the Reckoning by an Obſetvation, obſerve 
this General Rule, ; 


ET 8 the Depart. 3 Log. of Diſt, 


ference of Fault is more likely 
Latitude be ( leſs I be in the Co. or Courſe, 


The Reaſon of the General Rule above, is evident from 

the Figure; for ſuppoſe a Ship at A fail South Eaſt- 
Fig. 63. erly, till by his Reckoning he is at C, or in the 
Latitude of the Parallel BC, but by Obſervation 
he is in the Parallel of Latitude D, E, F: Now if we ſuppoſe 
his computed Diſtance AC to be right, ſweep the Arch A C 
till it cut the Parallel DF in F, and make AF equal to AC: 
Now by this means the Line AF is the Line deſcribed by the 
Ship's Motion, whereas we thought it had been the Line 
AC; but it is abſurd to think that any ſhould be ſo far miſtaken 
in their Courſe as to ſteer from A to F, when he thought 
he had been ſteering from A to C; and therefore we muſt 
impute the Fault to the Diſtance, ſuppoſing that the Miſ- 


Fake lies there, and that when he thought he had ſteered 


from A to C, his Reckoning was a-head of the Ship, and 
that when he ſhould have been at C he was only at E, 


be Space E C being but a tolerable Miſtake in the whole 


Diſtance A C, 
But in a more Eaſterly (or Weſterly) Courſe, ſuppoſe 
a Ship fail from A till his Courſe and Diſtance by Dead 


Reckoning is repreſented by the Line 47, and the La- 
titude come to by the Parallel CI, but by Obſervation 


he is in the Parallel of Latitude #LX: Now if he were 
ſuppoſed to keep a right Account of his Courſe and the 


ö Fault to be in the Diſtance, we muſt continue the Line 
A till it cut the Parallel HN, and allow him to be the 
hole Diſtance 7 & miſtaken in his Account, which is ab- 


ſurd 3 


Courſe ; and then with one Foot of the Compaſſes in A, with 


the Diſtance. 


at the latter End of this Book. 
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TI. j K. 'K. F. Courte | Winds. up. A 
1 4 I N. E. | Weſt. | Variation 1 Point Wet ; 0 
— || — — — — — | Northing — 96.4, 
14 4 | Eaſti — 644. 
FS] —-|- | —— | —— [Total Northing 223.6. 
61 4 I | Total Eaſting 1120, 
— | — — |- | ——- | —— | Latitndecometo57.. Þ 
N Diff. Long. Eaſt 1.53, Þ * 
—|— —|—- } —— | ——- | Long. come to 3.25. 
| « 
— || —|—- — | — | Lat. by Obſerv. 57.3, ! 
ST 2 Tot. Eaſt cor. I 05.2. | 
— | — | — |] — | —— |] —— | Tot. North cor. 200.0, 
21 6 Long. come to cor, 3.9 
88 
G | 
rr 
81 4] 1 
—. SAANATY WobRII. 
1 | 
1 
12 | 4 ! i : l | 
Made good 116 Miles North Eaſt by North. e 


which is abſurd, and therefore impute the Miſtake to the Þ 


the Extent AI deſcribe the Arch IL, and draw the Diſtance Þ 
AL equal to AI, and ſuppoſe that when he thought he hd!“ 
ſailed along the Line AI he had indeed ſailed along the Line“ 
AL, the Angle IAL, being a much more tolerable Fault n! 
the Courſe, than the Diſtance IK could be ſuppoſed to be u 1 


Note, If you ſail in a Current you may eaſily be groſy a 
miſtaken, either in Courſe or Diſtance ; but of that ſec more rub 


| Now in this Example the obſerved Latitude Aug. 27. differs 4 
| from the Latitude by Reckoning the Quantity of 17 Miles , 


Minutes, and becauſe the Total Northing is more on " . 
; o 
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rotal Eafting, I impute the Fault to the Diſtance by the Log, 
und then it is corrected by this Proportion. 
as the Total Northing 223.6, to the Total 1 


11 3.9, 


"> the Error in the Northing 17 to the Error in the Eaſting 8.7 


heareſt. 
| 9 or 8.7 Miles neareſt, to be 
223.6) 1936.3(812; ſubtracted from the Total 
| 147. FEaſting 113.9 the Remain- 
475 1 
g der 105. 2 is the Total Eaſt- 
| 4 ing Correct. Fes 
| 7 1930-3 


The Reaſon of this Proportion is evident from the Dia- 
ram; for in the Triangle ABC, as the Total Northing by 
eckoning AB, to the Total Eaſting by reckoning BC, fo the 
Error in the Northing Eq, to the Error in the Eaſting qc; for 
the Sides of the Triangle ABC, and Ege, are proportional, 
| by Euc. Lib. 6. Prob. 4. | 
I) hen to correct the Longitude ; As the proper Difference 
between the Latitude by Reckoning, and the Latitude by 
Fro Lata „to the Meridional Difference between the ſame 


co Latitudes , fo the Error in Departure to the Error in 


Longitude, that is, as 17 to 32, ſo 8.7 to the Error in Lon- 


Minutes, (rejecting the Fraction, 
being but a Fraction of a Minute) 
to be ſubtracted from the Longi- 
tude by Dead Reckoning, the Re- 
2 mainder 19 35 is the true Longi- 
e | 


ib ©; tude Corrected by Obſervation. . 
78.4 | | 1 
ne] But in Caſe your Courſe be far Eaſterly or Weſterly, and 
i ne obſerved Latitude differs from that found by the Dead 


Reckoning, it is beſt to correct only the Latitude, reducing it 
Jo the obſerved Latitude, and not to meddle at all with the 
PDeparture or Difference of Longitude, becauſe the Error is 
Joo ſmall; as In the foregoing Figure the true Departure HL 
iffers ſo little from the Departure found by dead Reckoning 
El, that it is not worth while to correct it, unleſs you have 
eme certain Obſervation of Longitude to correct it by. 
EX When you have thus corrected your Latitude, Departure, 
nd Difference of Longitude for this Day at Noon, as here 
7 1 Aug 
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Aug. 27, and proceed to the next Day's Work, add the nent 
' Day's Northing to the Northing correct this Day, to find the 
Total Northing next Day, and not to the Northing found by 
dead Reckoning; and do the ſame alſo with the Departure and 
Difference of Longitude, not _—_ that found by Reckon- 
ing; and fo proceed as before; and when you get another 
Obſervation to correct your Reckoning by, add up only the 
' Northing and Eaſting made good ſince the laſt Obſervation, 
and not of the whole Voyage, and ſo correct again accordingty 
this Example. . Reg 

No for ſetting off that Day's Work, Aug. 27, upon each 
Chart, the Method is to be uſcd that was before directed to, 
and the Point Z in each Chart, ſhall repreſent the Place of the 
Ship, Auguſt 27, at Noon. 

Now if you deſire to know the Courſe and Diſtance from 
the Ship to the Place propoted, it may be done eaſily and ex. 
actly upon the two 
all he three ; for in it you need but ſet one Foot of the Com. 

aſſes in the Point Z, where the Ship is, and the other Foot 

the Point B, the Place bound for; that Extent applied w 
the graduated Line BD, accounting every Degree 60 Miles, 
and every fmall Diviſion 10 Miles, gives the true Diſtance 
required 53 —_— | 
In the ſecond Chart, which is according to Mr. ris} 
Projection, commonly called Mercator”s, if you uſe the Me- 
- thod which you have there preſcribed, for finding the Diſtance 
of any two Places upon a Mercator”s Chart, Geometrically, 
you will find it exactly agreeing with the former, viz, 5; 

+ - 5 "PRO 

For finding the Courſe, the Method is the ſame in both ; for 
the Rumbs are right Lines, equally divided, at equal Diſtances 
in both Charts; therefore if your Charts have the Rumbs upon 
them, obſerve which Rumb a Line drawn from the Ship to 
the Port would be parallel to, for that is the Courſe required; 
but if you would ſtill be more exact, you may find the true 

Courſe and Diſtance from the Ship to the Port, by Caſe the 
Sixth of Mercator's Sailing Trigonometrical thus, (having 
both Latitudes and Longitudes given. ) A 

1 Ser | | | | Lat. Long, 
The Ship when correct. by Obſervation is in 57.34 3 9 


The Port bound for is in 57.50 8 30 
Proper Diff. Lat. 16. Merid. Diff. Lat. 30. 


aſt Charts, and chiefly upon the laſt of 
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s Merid. Diff. of Latitude 30— 1.47712 
"To Radius, ; 10,00000 
Jo Diff. of Longitude 321 2.59650 

| : o Tang, of the Courſe 84.40 1 1.02938 


© Then for the Diſtance. 


s Sine Comp. Courſe 80 84.40 896825 
Fo proper Diff. of Latitude, 16——1 20412 
So is Radius, 10 890 
{ Fo the Diſtance I 72—2.23537 


= The Courſe is North 84.40 Eaſt, and the Diſtance 172 Miles. 
But here we may ſee the intolerable Error of the Plain Chart, 
© the Ship being at z, and the Port bound for at the Point ©, the 
| Fxtent between them being applied to the graduated Line 16. 
26, and allowing 60 Miles to each Degree, gives a Diſtance 
© Faltly too great from the Ship atz to the Port at ©, à moſt un- 
ſufferable Error. 5 a IS . STENTS. 
I I know it is objected by ſome, that notwithſtanding what 
© gan be ſaid againſt the Plain Chart, it is ſtill the moſt aſefal and 
Fequent among us, witneſs a great Part of the Charts and 
Waggoners that are now Extant, both in. Dutch and Engliſh, 
and i the Plain Chart was ſo groſly falſe in ſo ſhort a Voyage 
z between the two Places before propoſed, it would ſeem that 
| thoſe Plain Charts and Waggoners ſhould not be ſo much en- 
fFouraged, or being uſed ſhould not anſwer their End ſo generally 
Fell as they do. 3 To 
L anſwer, I take it for granted that thoſe Charts are not 
grounded upon that Projection, that the Degrees of Longitude 


d Latitude are every where equal, as thoſe commonly and 


Properly called Plain Charts are, (for we find no ſuch Thin 
s Degrees of Longitude upon them) but hey are projecte 
vn the ſame 8888 that my Third Chart, before inſerted, is 
grounded upon, viz. The True Courſe and Diſtance from 
Place to Place is found, either by the Latitude and Longitude 
according to Mercator's Sailing, as I have directed in the Pro- 
fection of that Chart, or elſe the Courſe and Diſtance from 
Place to Place is found by Experience; thoſe that have failed 
here obſerving diligently what Courſe (with all proper Allow- 
Lance for Variation, &c.) and alſo what Diſtance carried them 
from one Place to another; and thus comparing their Obſer- 
Egations of that kind with the Obſervations of others, and cor- 
fecting their Obſeryations by their Obſerved Latitude, &c. 
nd thus one obſerving in one Place of the World, and another 
n another, and theſe Obſervations being compared, and 55 
= t . mo 
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ment to uſe them, and truſt to them as very good Helps; whe 
let not this be an Inducement to Perſons that have had plett 


made in Charts and Waggoners; theſe Charts and Tables dq, 
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moſt agreeable choſen out and collected, may probably H 

ven Riſe to our large Waggoners now extant, which, thou 55 
in Form of Plain Charts, yet in that Cafe, muſt needs bet 
and to be depended upon : For although the World is Glo, 
and not Plain, yet it is evident, that what is once the Courſe 
Diſtance between any two Places, ſhall alway be the C 
and Diſtance between them. As for Example, Suppoſe a 
all Allowance given for Variation, Lee-way, Currents, e 
find that a N. E. by E. Courſe 240 Miles, or 80 League 
carries me from Buchaneſs to ſome known Place on the Ct 
of Ne#way ; it is certain the ſame Courſe and Diſtance mud 
good ſhall always do the ſame; and therefore if that Cod 
and Diſtance was laid down upon any Chart between theſe i 
180 » I might ſafely depend upon that Chart for my next 2 
„„ F 

Andecc it may be objected, Who can tell how to allow if © 
exactly for Variation and Lee-way, but eſpecially for unknoſt 
Currents, as to depend upon their Reckoning for the Tu 
Courſe and Diſtance from Place to Place. We 
I anſwer, I agree to that; but yet when two, three, of © 
more Ships ſail upon the fame Voyage, and find their Account 
nearly to agree, this may make them ſomewhat more cf 
fident of their Reckoning, and of the Truth of it; and t 
take to be a Reaſon of the Improvements that are yet di, 


Latitude and Longitude which are of a later Date, hari | 
doubtleſs attained nearer the Truth by a greater Confluence om 
Obſervations, and thereby differing more or leſs from theſe Wai 


more ancient Date, both in Latitude, but chiefly in Longiuop 


of Places; which Difference we muſt impute to our attaia, 


nearer to the Truth, and to Miſtakes formerly committed, ti 3 


Places themſelves remaining fixed and immoveable as to tara 
Situation upon the Surface of the Earth. 125 —_— 
From what hath been ſaid it will follow, that it is not e 
9 diſſuade any Mariner from the Uſe of thoſe Chu 
and Waggoners now in Print, but it is rather an 2 >» 
1 


ful Experience of the Truth and Sufficiency of thoſe Ch 
and W aggoners, preſently to decline the Uſe of them and 
to Work to make Charts of their own, and truſt to then, "ay 
they have no other Way for it but that Hypotheſis of ſuppl oi 
the Degrees of Latitude and Longitude to be every where 'hupy 
qual (which I have ſufficiently proved is not the Ground of Ws 


Projection of thoſe true Sea-Charts now in Uſe) the abſurd : {8 
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BS intolerable Falſhood of which Hypotheſis zforeſaid, I have 
ſufficiently proved and demonſtrated. 

BE Note, Whereas in the Examples before-going, in the three 
© Days Works of keeping a Reckoning, I did for the more 
Expedition find my Difference of Longitude by the Traverſe 
= T ble, by the Rule there delivered for that Purpoſe ; but yet 
it your Voyage be long, or near the Pole, where the Degrees 
ot Longitude grow much leſs, you may, if you diſtruſt the 
Prath of this Method examine your Longitude once in three 
or four Days, by this Propoſition following. 
Phe Ship having ſailed from Latitude 54.8, to Latitude 
57.34, the | np Difference of Latitude is 206, and the Me- 
2 ridional Difference of Latitude is 368, and Departure made 
good is 105.2 | 


(6 3E . ; Co. Ars 
Therefore As proper Diff. of Lat. 206 —— 7.68614 
E To Merid. Diff of Lat. 368 —— 2.56584 
So Departure I05.2 —— 2.0220 

To Diff. of Longitude _ 188 — 2.27309 


3 Difference of Longitude 188 Min or 3 Deg. 8 Min. the 

Longitude come to, differing but one Minute from what is 
found by the Traverſe Table, although that is found at three 

Operations. | 

ed And now, ſeeing I have in the former Part of this Book 
aid down Methods for the Working the ſeveral Cafes and 
Queſtions in Navigation, and keeping a Reckoning both in 
Longitude and Latitude, not only by given Numbers, which 

have called Arithmetical Navigation, but alſo without any 

Hooks, Tables, or Inſtruments, by a New Method never yet 
| Known, nor publiſhed, I ſhall Inſtance in the firft Day's 


tie Work in both Ways of Operation, it being too tedious to In- 
ban tance in all the three Day's Works, eſpecially ſeeing there 
ip Pre ſufficient Examples given of each Method elſe where; 
b nd firſt by the given Numbers in Arithmetical Navigation. 
en | 

by E The Courſe that Day is N. E. by N. 98 Miles. | 
i) 

m,  T'be given Number for three F Diff. Lat. is — 8315 

pF 91ats to find. Departure is —— $5550 

Pl | 
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l = 
„ * 
oh; 


For Difference of Longitude, the Middle Latitude is 45.4 F 
but the next greater whole Degree is 55, whoſe given Nun. ] 
ber in the ſecond Table is 5735, but I ſhall only uſe the fit] 
two Figures 57. FE 


For Difference of Latitude. * the Departure. 3 
9 * 
83 555 f The Departur Þ ; . 
Ts or Eaſt 54. 39, o EY 3 
294 490 | rather 54.4. ö 2 4 
784 490 . 
W 490 x 
81134 Diff. Lat. 81.3. : ? : : 
It ſhould be 81.5, but the Er. Fa 390 : 
ror is only , and is occaſion. I 
ed by omitting the two laſt Fi- 5 
gures of the given Number. \ | 
Difference of Latitude 81 3, or 1 Deg. 21 Min. hence th a 
Latitude come to 1s 55 Deg. 29 Min. F N 


The Diff. of Long? 

95m. or 1d. zzm. ] 

a the Remainder be. 
Departure with Cyphers 57) 5440095 ing but a Fractin ], 
0 


Given Number, or Diviſors 310 2 Minute, -! 
— reject it. © 
” I. 
The ſame Day's Work caſt up by the New Method. 794 


The Courſe 33-45 or 333, the Diſtance 98 Miles. 
For the Natural Radius for 333, Deg. by Method the St 


cond, they that can work by croſs Multiplication, need as 
reduce the Fraction to a Decimal, but ſquare it as follows. 


N 3 
4 WI 
3% Mie 
i . 


— 


K 


F 
e! 


. 


——— — 
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; 33} [As 60.7 to g8 x: ſo 33 3 to Depart. 
334 334 
33 by 33 1 — 1089 294 
wy 3of 233 — 24 2943 
The ſame again 243 7 60. 7) 3307. 0054.4 
zZof 3 we reject. r 272. 
Ons. 3307 292.0 
Wh 1138! 
1 1 492 
| Mult. by 3 [For Diff. Lat. by Rule the Third 


Sum of the Sides 1534 


3-415, Diff. : 
| 57.3 Diff. of the W 436 2 
| 9144 
ö Nat. Rad. 60. 7. 4572 
; 6096 
5 Product. 6644.64(81.5 Square 
2 64 Root of the 
5 — .. Product and 
: 161)244 Difference of 
; 161 Latitude re- 
5 — — quired. 
1831 


For Difference of Longitude, the Complement of Middle 
Latitude is 35, its Natural Radius is 61: Therefore as 35 to 


54.4 ſo 61 to Difference 


of Longitude. 


s 544. TO 

Ss O61 35)33138(9433 or 95 Minutes, or 1 Degree 35 
— 168 Minutes, the Difference of 
544 — Longitude required. 

$ 3294 26 

3318.4 


And thus you ſee the Excellency and Uſefulneſs of this New 
Method, by which, although by ſtreſs of Weather or Cruelty 


ſerted elſewhere in this Book make manifeſt, 


of Enemies, you had loſt all Charts, Books, Tables and 


Inſtruments, yet you may without any of them keep as juſt 


3 an Account of your Ship's Way, both in Longitude and La- 


Witude, as you can with them; as this and other Examples in- 


Aa 2 CHAP. 


— 
A 7, ” — — , + 
wy 
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CHAP. III. 
Containing ſeveral Pleaſant and Uſeful Queſtions. 


a. —— — — A—— * * 


LL. — — 
t 


SE CT. I. Of Currents. 


| bo Sailing in a Current it is very evident, that a Ship doth 
not make her Way good according to the Courſe ſteered 
by the Compaſs, and the Diſtance run by the Log, but being 
at the ſame Time privately carried by a Current, here true 
Courſe and Diſtance is compounded of the Courſe and Dil. 
tance ſail'd, and of the Courſe and Motion of the Current; 
therefore where both theſe are are given, you muſt firſt la 
down the Courſe and Motion of the Current ; and the Cour 
and Diſtance from the Place ſailed from, to this laſt Place thus 
found, is the true Courſe and Diſtance made good as in the fir 
Queſtion following: A Ship fails S. E. 100 Miles from C ty 
A, and a Current ſets in the ſame time Weſt 30 Miles; now 
if there was no Current, the true Courſe and Diſtance of the 


Ship would be repreſented 5 the Line CA, and the Point 4 F 
ed to, but becauſe a Current ſets 


ſhould * the Place ſai 
Welt 30 Miles, in the fame time, I ſet off 30 Miles W. from 


Ato D, and the Point D repreſents the Place ſail'd to, and Þ 


the Line CD is the true Courſe and Diſtance made Good; 


and hence in every Queſtion in Currents, there is conſtituted Þ 


a plain Triangle, either Right Angled, or Oblique, the An. 


gles of which tome call the 1 Reflection, Deflection ö 
in his Scaman's Practice; but 


and Incidence, as Mr. Norwoo 
by the Learned Mr. Z. P. more properly the Angle of Force, 


the Angle of Submiſſion, and the Angle of Chance : But I ſhall 
not trouble the Learners Memory with theſe Terms, but call Þ 
them as indeed they are the Courſe ſteered, or the Courle Þ® © 
made good, &c. And therefore, Note, That by the Courſe, or Þ © 


the Courſe ſteered, I mean the Courſe'by the Compaſs, and 


by the Diſtance, I mean the Diſtance by the Log, butby Þ 
Courſe and Diſtance made good, I mean the true Courſe and Þ 7 
Diſtance of the Ship, from the Place ſail'd from, to the Place Þ 


come to, with Allowance for the Current, &c 


. e PI. *%; +», 
FF r * 5 9 1 
+ « 0 A * oy. . 
af * - 


LOT 


10 8 . — 2 * ax A * wall $4 is . 4. Lips 


There are ſeveral Caſes and Varieties in Currents, bit! 


Three are chiefly uſeful : The firſt is, when the Courſe and 
Diſtance is given, with the Courſe and Motion of the Current 


alſo gh en, to find the Courſe and Diſtance made good. The 


Second 


. * % yas FP 


Fx 
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gecond is, when the Courſe and Diſtance ſailed, and Courſe 


and Diſtance made good is given, to find the Courſe and Mo- 
tion of the Current. The Third is, when the Courſe and 


n 


between them is alſo given, to find how much to la 


FN 


Sri. 


As Radius 


Diſtance made Kro and Courſe and Motion of the Current 
is given, to find the Courſe and Diſtance ſail'd, and this is of 
oreat Uſe when the Bearing and Diſtance of two Ports or 
Iſlands are given, and the Courſe and Motion of a Current 


e 


1 * Sap « 
* 


» fl. your 
Ship to the Windward of her true Courſe, that ſo the Set of 


the Current with that Courſe ſteered may juſt bring her to the 
propoſed Port. | 


CASE I. Courſe and Diſtance ſaid, and Courſe and Motion 
of the Current given, to find the Courſe aud Diſtance made good. 


Geometrical Conſiruction. 


A Ship ſails S. E. oo Miles in 24 Hours in a Current that 
ſets Weſt o Miles in the ſame time, I demand what is the true 
Courſe and Diſtance made good in 24 Hours time. With the 
Courſe South Eaſt, and Diſtance 190 lay it down, as in plain 
Sailing Geometrical, and then it will appear as in the  _. 
Triangle A BC, and the Ship should be at A; but Fig 64. 
bekaule the Current ſets 30 Miles Weſt in the ſame 


* 


Weſt; then is the true Place of the Ship at D; therefore draw 


the Line CD, then is the Triangle CBD the true Projection of 
the Queſtion, with Allowance tor the Current, in which, tne. 


Angle BCD 29. 56. is the true Courſe made good, the Hyp5- 


tenuſe CD-81.0. the Diſtance, the Leg CB 70.7 is the Differ- 
= ence of Latitude, and BD 46.7. is the Departure, 4s may be 
found by meaſuring them Geometrically. 


Arithmetical Calculation. 


By Caſe the firſt of Plain Sailing. 
8 — 90.0 10.00000 


Jo the Diſtance — — 19.0 2.00009 
So Sine Comp. Courſe —— — 45.0 9.84948 
To the Difference of Latitude — 50% 1.84938 


bt : 


The Departure is alſo 70.7 equal to the Difference of La- 


& titude, becauſe the Courle is South Eaſt, viz. at an Angle of 


45 Degrees. 


A a3 But 


time, ſet off 30 Miles from A to D, becauſe from A to D is. 


— -- 
; — 
— 


2 33 v — Þ . 1 
— en : * , 
: & 
— 4 b \ 2% / 
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But becauſe the Current hath ſet her 30 Miles Weſt in te! B 


ſame time, therefore ſubtract 30 from the Departure found hot! 
70.7, there remains 40.7, the true Departure with allowance ] mor 
for the Current. 5 35 
Then you have the true Difference of Latitude and Depar. Þ 8 


ture given to find her Courſe and Diſtance, by Caſe the Sixth Þ © N 


of Plain Sailing. | | e 
As Difference of Latitude — 70. 7 — 1.84048 Þ N 
To Radius — 90. o Io. ooo Þ * 
So true Departure — ow 40. 7 — 1.00990 f 5 

— Rx 
Jo Tangent of the Courſe — 29.56 — 9.76011 
| Then for the Diſtance. 

As Sine of the Courſe — — 29.56 — 9.69809 
To the Departure 40. 7 — 1.60950 
So is Radius = — 90. O —Io.00000 | 

| 4 "% nh te ee 
To the Diſtance made good 81. 6 — 1.91150 


Or the Diſtance may be found thus, by Caſe the Fourth of | Cho 

Oblique Plain Triangles. nw 

In the Oblique Triangle BCD. there is given the ſide BC | 

100 and the fide. DC 30, and the Angle between 45 degrees: | 

'Then by Caſe the, fourth of Oblique Plain Triangle, 
| * 


6 WE Co. Ar. | 
As the Sum of the ſides — | 130 — 7.88606 | 
To the 12 15 ſides 70 — 7.84500 
So the Tang. of half the Sum of the? 3, „ 1 28 

unknown Angles — 5 67. 30 —10. 38277 | 


To the Tang. of half their difference 52. 26 —10. 11302 


Hence the Angle BDC is 119.56. and the Angle DBC is | Y 


15.4. — 
Then for the Side BD, which is the true Diſtance made | 
ood. | 
As Sine of DBC — T5d. 4m. Co. Ar. 0.55513 Þ 
To the Side DC — 50 — 1.477 


So is the Sine of BCD — 6 2 — 9.8494 


— — 
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hut ſuppoſe the Current had ſet upon an Oblique Courſe, and 


not due Eaſt, Weſt, North, or South, the Operation had been 
more difficult: As for Example, 


i ſails S. E. Too Miles a Day, in a Current that ſets N. 
N. W. 30 Miles a 27 Idemand the Courſe, Diſtance, Diffe- 
rence of Latitude and D 


'd 
hl 


eparture made good in one Day. 


Geometrical Conſtruction. 


as 


g Lay down the Triangle ABC, as in the foregoing 
Queſtion, with the Courſe S.E. viz. an Angle of 45 Fig. 65. 
I” , the Diſtance 1 00, the Difference of Latitude 


70.7. and the Departure the ſame as found before; then 
ſhould the Ship be at A; but becauſe the Current in that Time 
lath ſet the Ship 30 Miles N. N. W. therefore ſet off 30 Miles 
from N. N. W. from A to d, which may be done by the Rule 
Kid down in Traverſe Sailing Geometrical ; for ſeeing the Line 
CAisSE. from C to A, it muſt needs be North Weſt from A 
to C; and then ſeeing the Currents ſets N.N.W which is 2 
Points to the Northward of North Weſt ; therefore with the 
Chord of 60, and one Foot in A, draw the Arch g d, upon 
*Which ſet off two Points from g to d, and draw Ad, which is a 
N. N. W. Line, upon which ſet off 30 (the Current's Race) from 
. d, and then is the true Place of the Ship at 4, her true Diſ- 
tance, Cd 73.2 Miles, her Difference of Latitude cq 43.0 Miles, 
and her Departure qd 59.2 Miles, and the Arch &h meaſures the 
Angle at C 54d. om. the Courſe required. 


* 
PR 
* 
* 
* : 
© 


Arithmetical Calculation. 


the Hypotenuſe 4d Zo, and the Angle at A 67.30 (becauſe 
eis a N. N. W. Line) to find AS and Sd by Cale the firſt of 
| 4 light angled Plain Triangles. 


As Radius —— 90 00 — 10.00000 
o the Hypotenuſe 4d — 30 — 1.47712 
ois the Sine of the Angle at 7 — 6 30 — 9.96561 


Fo the Leg 94 — — 2% 7 — 1 44273 


g UT 
7 3 
8 


As 


2 In the Triangle 4SD Right-angled at 5, you have given 


Queſtions concerning Currents. 
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As Radius | 


Seck. . 


5 90 0 — 10.090000 


To the Hypotenuſe 44 


: oils ſole 30 — 1.47712 
So is the Sine of the Angle at 4 22 30 — 9.5828, 


— — 


To the Leg AS 


— N 1. 0 5096 

Tbe Leg Sd 27.7 equal to 5, ſubtracted from the whole dif. 
ference of Latitude C 70.7, leaves Cq the true difference of La. 
titude 43.0; and the Leg SA 11.5, ſubtracted from the whole 
Departure 70.7, leaves 59.2, the true Departure : By which 
you may find the true Courſe and Diſtance by Caſe the ſixth of 
Plain Sailing, 


As difference of Latitude — 43 — 1.6346 
To Radius — — 90 0 — 10. 00000 
So is Departure wg 592 — 1771 
To the Tang. of the Courſe — 54 0 — 10. 13886 
As Sine Com. Courſe SC. 54 0 — 9.76921 
To difference of Latitude 430 — 1.63340 


So is Radius 90 0 — 10.00000 


— — — 
— — — 
— — 
— — 


To the Diſtance 


— — 


9 


1.80425 


Ihe true Courſe is 54 Degrees from the South Eaſtward, 
or South Eaſt near three quarters Eaſt, and the Diſtance is 
72.2 Miles. | 


GAS E II. Courſe aud Diftance failed, and Courſe and Diſtance 
made good, given, to find the Courſe and Motion of the Current, 


A {hip fails (by the Compaſs) S. by E. 36 miles, and then 
arrives at a Place which is known to be 

from S.F.. by S. 54 miles, ( having been deceived by an un- 
known Current) I demand which Way the Current ſets, and 
how faſt, ſuppoling the Ship to fail by the Log 4 miles an Hour, 


Geometrical Conſtruction. 


In this, and all other Caſes of Current, as well as 

Fig. 66. Plain Sailing, Traverſe, &c. draw the North and South 
Line Ah, and ſet off the Courſe ſteer'd S. by 5 and 

Diſtance 


ar from the Place ſaitd I 
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Diſtance 36 miles from 4 to C; then ſet off alſo the Courſe 
and Diſtance made good 54 miles S.E. by S. from A to D; 
” Then becauſe by the Courſe ſteer'd by the Compaſs. and Diſ- 


tance run by the Log, the Ship ſhould have been at C, but is 


i * 


found at D, therefore I am {ure there is ſome Current hath ſet 
me in the ſame Time from C to D, therefore draw the Line CD 
for the ſet of the Current, which meaſured will be found to be 
235 miles. And the Angle ACD accounted from the N. by W. 
Point becauſe the Line CA is a N. by W. Line) will be found 
to be 11 Points from the N. by W. Eaſtwards, viz. E. S. E. o 
Deg . 9 min. ſoutherly, for the true Courſe of the Current by 
the Rule laid down in Traverle ſailing Geometrical for laying 
* down Courſes by Diſtance of Points. | 


ES .. | Arithmetical Calculation. 


In the oblique Triangle ACD, you have given the Side 4 C 
30 miles, and the Side 4D 54 miles, and the Angle between 
them 2 Points, or 22d. 3om. (being the Diſtance between 
8. by E. and S.E. by S.) to find the Angle ACD, and the 

Side CD, by Caſe the Fourth of oblique plain Triangles. 


4 G Ar- 
As the Sum of the given ſides 90 8.04570 443 
Io their Difference | 18 1.25527 a} 
So Tang. of Sum of unknown Angles 78. 45 10.70134 #31 
\ Þ © To Tang. of ; their Difference 45- 9 10.00237 1 
1 The half Difference of the Angles —— 45d. gm. 10 
Added to the half ſum 2 178.45 | 11 
e WY Es 8 
! I be Sum is the Angle 100 —— 123 54 4 
© > Which reduced to Points of the Compaſs, is 11 Points, oDeg, 94 
2 9 min. and that accounted from N. by W. finds E. S. E. o deg. 704 
rd 9 min. Southerly, for the true Courſe of the Current. way 
* Then for the ſide CD the Current's Race in that time. 4 
Hi 1 0 1 
vs = | Go, Ar. 1 j 
As ſine of the Angle ACD 123d. 54m. 0.080902 | 
To the fide AD = 54 1. 73239 | 
: do is line of the Angle CAD 22 30 9.58283 
as 5 — — 
got o the ſide CD required 25 1. 39614 
anc RE | 
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So that the Current ſet 25 miles E. S. E. ꝙ min. Southerly, in 
the time that the Ship ſail'd, by the Log, 36 miles S. by E. and 
ſuppoſing the Ship to ſail 4 miles an Hour, ſhe would fail 36 
miles in 9 Hours, in which time the Current ſets 25 miles, 
therefore divide 25 by 9, the Quotient 25 miles is the Hourly 
Motion of the Current. 


CASE III. Courſe and Diſtance made good by the 
Ship, and Courſe and Motion of the Current given, to find 
the Courſe and Diſtance ſail'd: Or, more properly thus, 
having the Bearing and Diſtance, between two Ports or Ifland; 
given, and having alſo the Courſe and Motion of a Current 
that lies between them given, to find what Courſe to ſteer b 
the Compaſs or how much to Windward of your true Courk 
to ſteer, that ſo the Compound Motion of the Ship may juſt 
ſet her to the deſired Port. "I 

There are two Iſlands 4 and B: The Courſe from B to 4 
is South go Degrees, Weſterly 80 miles: The Current ſets Eaſt 
21 miles an Hour, a Ship fails 4* an Hour, I demand what 
Courſe ſhe muſt ſteer from B to A4, and how far ſhe mult fall 
by the Log before ſhe arrive at 4, the Port deſired. 


Geometrical Conſtruction. 


Draw the N. and 8. Line BD, and ſet off the 
Fig. 67. Courſe and Diſtance from B to A S5uth 40 Degrees 
Weſt, 80 miles from B to A: Then A. the 
Current ſets Eaſt, draw the Eaſt and Weſt Line AC at Pleaſure, 
by the Rule laid down in Traverſe failing Geometrical, then is 
the fide 4 So miles, and the Angle BAC 130d oom given, 
but you have no other ſide nor Angle given in the oblique 
Triangle ABC, but you have the Proportion of the two lides 
CAand CB, for C repreſents the Motion of the Current 2; 
Miles an Hour, and BC repreſents the Motion of the Ship 
thro? the Water 41 miles an Hour: Therefore find the Angle 
ABC by Cale the Second of oblique plain Triangles. 


As the Side B C 4, or in Decimals 4. 5 Co. Ar. 9.34679 
To the Angle BA 130. © 9.88425 
So the ſide 4 C 21, or ——— 2. 5 0.39794 


—— — 
— ma — 


To the fine of the Angle 4B C 25.11 9.02898 


The Angle ABC is 25d 11m. therefore make the Angle 


AB C25. 11, and draw the Line BC to cut ACin C, and then 
i 
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2 the Projection. finiſhed, and the Angle. AC 25 11 added to 

the Angle 4 BD 40d. —om. the Sum 05d.—m, from the South 
Weſterly, or W. S. W. almoſt ; Southerly, is the Courſe that the 


Ship muſt ſteer to gain the Port with Allowance for the Cur- 


[Then for the Side BC, the Diſtance ſail'd by the Log, ſub- 
* tract the Sum of the two Angles A and B 155d—11m. from 
130d—om- the Remainder 24—49m- is the Angle ACB. 


| T hen, 


Is Sine of the Angle ACB —— 249 C. Ar. 0.37705 

ro its oppolite Side BA — 80 — 1. 90309 
$0 Sine of the Angle BAC r 9.88425 
To the Side oppoſite BY — 146 — 2.16439 

: The Diſtance ſail'd by the Log is 146 Miles, and the Rate 
ff Sailing is 41 Miles an Hour, therefore divide 146 by 42, 
he Quotient 325 is the Hours that the Ship will be. in failing 
from B to A. 2 2 

Now if you would prove the Work, multiply 32, the Hours 
| that the Ship is in failing by 21, the Miles that the Current ſets 
one Hour, the Quotient 185, is the Miles that the Current 
iets in that Time, repreſented by the fide AC, which you will 
Alo find to be true by the following Canon. | "* 


—— — 


1 Sine of BAC — 130.0, Co. Ar. o. 11575 
Fo Side oppoſite BC — 146 2.16439 
— 25.11 — 9.2891 


dy ſine of ABC 
| fo ide oppoſite AC 81.1 — 1.90905 


Note, It is neceſſary in this Caſe to know how faſt 8 
ls, for the faſter (he fails, the leſs the need lye to Wind- 
| Ward of her true Courſe againſt the Current. 


Caſe IV, or Queſtion IV. 


There are other Varieties in failing in a Current, ſome of 


3 * I ſhall inſtance for the Learner's Improvement and. Di- 
fo * 4 1ON, 


| @ Current ſets 32 Miles a Day E. N. E. a Ship ſailing therein 
3 fecrs 8. 8. E. by the Compaſs, and finds that in 24 Hours ſhe 


zZS 


* 


hath ſailbd by the Log ? 
Geometrical Conſtrudtion. 


Draw the N. and 8. Line AB, and ſet off the 


_ Ship's Courſe ſteer'd S. S. E. 22.30, and draw the Fig. 64, 


Line AC continued ; then any where upon that 


Line, as at C, draw an E. N. E. Line (as the Line DC) by tie 


Rule laid down in Traverſe Sailing Geometrical to repreſen 
the Set of the Current, upon which ſet off 32 Miles, the Cur. 
rent's Motion in 24 Hours, from C to D, then at the near 


Diſtance from D to the Line AC, (which here happens to be ; 


the Length of the Line CD becauſe CD is perpendicular to AC) 
draw the Parallel þ D, then with 70 Miles (the Diſtance mad: 


good) in your Compaſſes, and one Foot in A deſcribe th: 
Arch B g continued, and where it cuts the Parallel Y D as in g, 
begin the Line g E, drawing it Parallel tothe Line DC : Tha 
is Ag 70 miles the Diſtance made good, Eg 32 miles, the ue 
af the Current E. N. E. Tbe Line AE 62. 3 miles, the Di.! 
tance fail'd by the Log, and the Angle EAg 27d. 12m. addeli! 
to the Angle BAC 22d---3om, the Sum 49d —4 2m is the Þ 7 
Gourſe mage good from the South Eaſtward, or the Aë . 
a 


km meaſured on the Rumbs, gives S.E. 4 Deg. 42 mi 
Eaſterly. a 
„ 8 Arithmetical Calculation. 


£) fas g 


angle) go deg. to find the Angle E Ag thus. 


378 Queſtions concerning Currents, Sect. ] 


is 70 Miles TE from the Place ſailed from; I demand uy, [3 
what Point ſhe hath made her Way good, and how far |, © 


In the T range AEg you have given the Diſtance matt Þ : 
goed Ag 70 miles, and the motion of the Current Eg 2þ 3 
miles, and the Angle AER (which happens here to be a Rt 


As Side & 4 | 70 5 — | 1. 4 


—— IPEI=Y 


To Angle oppoſite A Eg 
So Side Eg | 


To Angle oppolite Bag —— 27.12 9. 6600 | 


90 6 -— 10,0900 i 4 de 
33 — 21-555 


Fhe Angle EAg 27d. 12m. added to the Angle BAC 22. g a 


the Sum 49 42 is the true Courſe made good from the Soul Bp 


Eaſtwards, viz. S. E. 4d. 42m. Eaſterly. 


Then for the Side A E the Diſtance failed by the Log: ta ] 
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Is Sine A Eg god. om 10.00000 
ro Side oppoſite A 2 | 70 i 84509 
So sine Ag E - 62. 48 9.94910 


*To Side oppoſite AE ——— 62. 3 1.79414 
5 

The Courſe made good is S. E. 4d. 42m. Eaſterly, and the 

"Diſtance ſail'd by the Log is 62.3 Miles. 

And if you would prove the Work by inverting the Quel- 

Bon , and propoſing it in the firſt Caſe of Current Sailing, 
thus 

1 A Ship fails S. S. E. 02.3 Miles in a Current that ſets E.N.E. 
332 Miles, in the ſame time, you will find the Anſwer produces 
o Miles S. E. 4d. 42m. Eaſterly, for the Courſe and Diſtance 
made good. | 
Note, Although in this Caſe the Triangle A Eg is Right- 
angled, becauſe the Current's Race E. N. E makes a Right- 
angle with the Ship's Courſe S. S. E. yet in any other Caſe 
St would have been an Oblique Triangle; but the Rules 


| Soth for Projection and Calculation would have been the 
lame. 


1 

Qiueſtion the Fifth, A Ship ſails 72 miles a Day by the Log, 

in a Current that ſets Eaſt 12 miles a Day, and then finds that 

he hath made her Way good at South Eaſt, I deſire what 
Courſe ſhe hath ſteer'd by the Compaſs, and what Diſtance 
1 made good. 

Ae D Geometrical Conſtruction. 

ny 

i Draw AB, and with an Angle of 45 deg. the 

t. Courſe made good, draw the Line AC continued, Fig. 69. 


den with 72 the Diſtance ſail d by the Log ſweep the 
garch Bd; then any where upon the Line AB as at B, make 
in Eaſt and Weſt Line, becauſe the Currents ſets Eaſt ; then 
100 Make 12 Miles in your Compaſſes, the Current's Motion, and 
Et it Parallel to BC, and fo as that it may juſt extend from 
e Arch BY to the Line AC, and here from e to g, and draw 
he Line eg, and 'tis done---or if you think this Method too 
Mechanical for laying down the Line ge you may do it thus: 
ou foreſee that in the Triangle A eg when laid down, there 
il be given the Side Ae 72, and the Angle oppoſite to it 45 
geg. and the Side eg 12, to find the Angle e Ag, thus, 


As 


: 7 
* + 


ONES 
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As Side Ae 72 Co. Ar. 8.1446 3 
To Sine of Angle oppoſite Ag e 45-0 9.8% 
So Side e g 8 1.07018 
0 
To ſine of Angle oppoſite g He 6.46 9.071 


which added to the Angle Age 45 deg. the Sum $51.46 ff 
tracted from 180, leaves 128.14, the Angle Aeg, there FR. 
having ſet off 72 from A, upon the Line Ae from A to eo © 


e draw the Line eg, to make an Angle of 128,14 with th 


Line Ae, this Line if carefully done will juſt contain 12 ff! 
Parts, whereof the Line Ae contains 72, by that time i i 


extended to cut the Line Ag. 


Then for the Side 4g the Diſtance made go. 


As Sine e Ap 


To Side MO 9 1.0791 
So Sine of Aeg — 128.14 9.09514 
To Side Ag the Diſtance made good 80 1.999 


Therefore for the Courſe ſteer'd, ſubtract the Angle « 4 
6.46 from the whole Angle given b Ag 45, the Remainde 
8.14 is the Angle, b Ae the Courſe ſteer'd, and the Side 4 


ound to be 80 is the Diſtance made good. 


Mote, In finding the Sine of any Angle above go Degrees, ? 
you muſt ſubtract the Angle (whole Sine is required) fron 
180 deg. the Sine of the Remainder, is the Sine of the Auge 
required, as in the Example above, where the Sine of 128.14 
is required, ſubtract 128.14 from 180, the Remainder 514 


Sect. ; 


— 3 


6.46 Co. Ar. 0.9260 


46m. ſought in the Table of Sines, the Sine anſy cring to K 
is 9.89514, which is alſo the Sine of 128.14 which was re- Þ 


quired. 


And thus much for Plain Sailing in a Current; many 
more Queſtions might be invented from other Data's, but! 


would ſtudy Brevity, that the Book may not be too charge. 3 
able to the Buyer, ſuppoſing that by a Right Underſtanciuy Þ on. 


_ theſe Rules the Ingenious will be able to project and . 


ſwer any other Caſe or Queſtion in that kind; and as fü 
Traverſe Sailing in a Current, although I thought to hav WR 
placed it in a Section or Chapter by itſelf, yet 1 find it = : 
together needleſs ; for the Courſes being firſt all reduced v 
ane, by the Rules laid down in Traverſe Sailing, the oper: i 
uon for allowing for known Currents, or finding the Court = 


9 Ty - 
6441 -* I 


* 
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and Motion of unknown Currents, is the very ſame with 
the Rules here laid down. 


of turning to Windward in a Current. 


1 HIS may alſo be divided into ſeveral Caſes, of which 
13 T I ſhall ſpeak in order; but that which is chiefly uſeful 
zs where the Courſe and Motion of the Current is given, with 
the Courſe and Diſtance between the Place ſail'd from, and 
the Place bound for, and from what Point the Wind blows, 
and how near the Wind the Ship will make her Way good 
*(for theſe four Things are commonly given or known) to find 
how long ſhe muſt lie upon each Tack to gain her Port, ſap- 


poſing her Rate of running, or miles ſail'd in an Hour by the 


| Log, be alſo given or known. | 
6 Example, Queſtion the Firſt. 


© There are two Iſlands 4 and B, A is diſtant from B go 
Leagues due North: A Current ſets from A towards B ſouth 
a miles an Hour, a Ship at A intending for B meets with the 
*Wind at South, gets her Starboard Tacks aboard, and makes 


'F her Way good within 72 Degrees of the Wind, and fails four 


miles an Hour by the Log, I demand how long ſhe muſt 
bie upon each Tack, to gain her Port, and what Courſe ſhe 
makes good. 


4 Ceometrical Conſtructinn. 


Draw AB repreſenting the Bearing and Diſtance 
| | of the two Iſlands, viz. N. 90 Leagues, upon the Fig. 70 
middle of which erect the Perpendicular 40, then 
„ Fraw the Line 4 C to make an Angle of 72 Degrees with the 
Line AB, and continue the Line 4C till it cut the Perpen- 
| Wicular 40 in C, and draw the Line CB, fo ſhall the Iſoſceles 
Triangle 45 C repreſent the two Iſlands, and the Ship's Way 
„to them without any Allowance for the Current, the Line 
| x © repreſenting the Ship's Way with her Starboards Tacks 
board 72 deg, from the Wind, and the Line CB her Way, 
| ith the Larboard Tacks aboard to fetch the Iſland ; but be- 
Fauſe every Hour while the Ship fails four Miles by the Log, 
|. he Current ſets her two Miles to the Southward, therefore 
ond how many Hours the Ship is in Sailing from 4 to C by 
. e Log; in order to which you mult find the Side AC by di- 
icing the Hoſceles Triangle ABC into two Right-angled 
- Triangles 


— 
. —_— — 


E 
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Triangles AdC and Bd, then in the Triangle AD C you hay 
given the Leg Ad 45 (being half the whole Line AB which iz 
90) and the Angle 44 C 72 deg. conſequently the Angle 404 


18 deg. to find the Hypotenuſe AC, by Caſe the fourth, of 5 


Right angled Plain Triangles. 


As ſine of AcD — — 18d. om 9* 4890 
To ſide oppoſite Ad — 45 1.65221 
So is Radius Ad C 9o o —10. 00000 

—— 
To Hypothenuſe AG — 1453 — 2.7622 


— — 


Hence AC is 145 Leagues or 436 miles, which divided by | 
4 the miles ſail'd in one Hour, the Quotient 109 is the Hours, 


in which the Ship fails from A to G; but the Current ſettinz 
South two miles an hour, ?tis plain that in 109 hours it hat 
ſet South 218 miles, or 723 Leagues; therefore draw th: 
South Line Cg, becauſe while ſhe ſail'd by the Log from 4 
to C, the Current hath ſet her from C to g, therefore dray 
the Line Ag, which ſhall repreſent the true compound Motion 
of the Ship or Courſe made good; but becauſe ſhe is to li: 
upon that Tack, but only till 


Courſe made good by Reaſon of the Current, and the Line 
Ae the true Diſtance ſail'd upon the Starboard Tack, viz. 69.1 
Leagues, and e B the Diſtance ſail'd upon the Larboard Tack 
being alſo 69.3 Leagues. But to know how far ſhe will hare 

fall d by the 1 by that time that ſhe will be at e by the 
Help of the Current 
cut AC and Ag proportionably by Euclid. Lib. 6. Prop, 2. 
viz. As Ag to Ae, lo AC to Ak, hence Ak meaſured will be 
found to be 55.5 Leagues, or 166.5 miles ſail'd by the Loy, 


which divided by four, the miles {aid by the Log in cle [I 


Hour, gives 41 4 Hours, the time to ſtand upon the Starbozri 
Tack, and the ſame upon the Larboard, to fall in with the 
Iſland at B, &c. EY 


Arithmetical Calculation, 


In the Oblique Triangle Cg, there is given the Side A0 
436 miles, and the Side Cg 218 miles, and the Angle included 


Ac 
Oblique Angled Plain Triangles. 


aw ek parallel to g C, this Parallel ſnal Þ 


108d. om. to find the Angle C 4p, by Cafe the Fourth Þ 5 
ik | 


WES: * N ITS DEVEL "=D WY | 
— 2 p - 


* 
- 


— — . 20 
7 „ 


e be got half Way to the Pon! ; | 
ſail'd for, obſerve where the Line Ag cuts the Perpendicular Þ F* 
dCasine, and then is the Angle 44e, 49d 37m. the true] : 


; Chap. III. Queſtions concerning Currents. 383 


: As Sum of the Sides O54 Co. Ar. 7.18443 
"FF To Diff. of the Sides 218 2.33845 
f So Tang. of ; Sum of unkown Angles 30.0 9.80120 
0 To Tang. of half their Difference 13.37 9.38414 
| 1 The half Difference 13d. 37m. ſubtracted from the half 
| Bum 36d, om. reſts 22d. 23m. the Angle CAg, which ſubtract- 
5 cd from the whole Angle 44 72d. — Om. leaves the Angle 
due 49d. —37m. the Courſe made good. 
Tl. Then for the true Diſtance made good Ae- In the 
"FE Triangle Ade you have given 4d 45 Leagues, and the 
Angle dAe 49d. 37m. conſequently the Angle Hed god 
I 23m. to find Je by Caſe the ſecond of Right Angled Plain 
"FE: Triangles. 
|. As Sine of Jed ———— —— 40d 23m 9.81150 
| To Side oppolite 44 — 45 1.65221 
So Radius — 98 O 10.0000a 
I To Hypotenuſe Ae — 69.3 — 1.8401 


Ik̃ hben for the Diſtance ſail'd by the Log 4k (while by the 
Help of the Current ſhe is carried to e.) 
1 ; In the Triangle Ake, you have given Ae 69.3, ard you 


: have given all the three Angles, viz. Ake — to ACg Io8d. 
37m. and k Ae 


om. and Aek equal to Ag C equal dA E 4 
Þ 22d | 23m, equal tog AC, to find the Side Akt by Caſe the 
+> firſt of Oblique angled Plain Triangles, 


As Sine of 4he Io8d. om Co. Ar. 0.02179 


11 — 

1 To Side oppoſite e —— 09.3 1.84071 
de 80o Sine of He K — 489 37 9.88180 
170 Side oppoſite Ak 55.5 1.74430 
8 | ; 

he The Side 4h, the Diſtance ſail'd by the Log, is 55.5 


Leagues, or 166.5 Miles, which divided. by 4, the Miles 
ſail'd in one Hour by the Log, the Quotient 412 is tte 
Hours that ſhe muſt lye upon the Starboard Tack, in which 

Time ſhe is carried by the Help or the Current from A to e, 
and then lying the ſame Time upon the Larboard Tack, ſhe 
| will arrive at B, the deſired Port; ſo that in 83 Hours, ſhe 
eerforms the Voyage of go Leagues, although upon a Wind 
ey the Help of the Current, Which, had there been no Cur- 
#4 B b rent, 


r 
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rent, would have required 218 Hours, or 9 Days and 2 FP 
Hours. | * 
5 Queſtion the Second. | 0 
, 
There are two Iſlands diſtant 400 Miles N. and 8. ©: 
from each ether, ſuppoſe A and B, A being the Norther. ; 
moſt; A Ship at A intending for B, meets with the Wind 14 
at South, ſhe gets her ſtarboard Tacks aboard, and makes F 
her Way good through the Water, within 72 Degrees of the F 
Wind, a Current at the ſame Time ſetting South 24 Miles a 4 
Day, ſhe ſtood 4 Days upon each Tack, and then arrived : 
at her Port at B. I demand my Courſe and Diſtance made! 
good upon each Tack, Þ 


Fig. 73. 
| Geometrical Canſtruction. 


Draw the Line AB 4oo, and at an Angle of 72 De. 
grees, draw AD, and BD, to cut each other in D, and 
from that Interſection let fall the Perpendicularn DC, which | 
will fall upon tne middle of the Line A B, then is the | 
Projection finiſhed without Allowance for the Current; 
but becauſe in that four Days that ſhe had her ſtarboars | _ 
Tacks aboard, the Current had ſet her 96 Miles, ſet off 6 | _ 
from C to e and , and draw hk and eg parallel to CD, | 
and where theſe parallels cut the Lines AD and BD, s | 
at g and k, draw the Line gk to cut the Perpendicular | 
CD in m, and then to the Interſection at m, draw the 
Lines Am and I m, for theſe Lines ſhall repreſent the | 
true compound Motion of the Ship, or Courts and Dil- | 
tance made good, vizz The Angle CAm 57d. 49m. vs | © 
the Courſe made good from the Meridian, and the Line 
Am equal to „ is the true Diſtance ſail'd upon ea! | 

| 
; 


Tack, viz. 372.0. 


Arithmetical Calculation. 


In the Triangle Jeg Right-angled at e, you have givet 4 
the Leg Ae Io4, and the Angle e Ag 72d, confequently the ET: 
Angle Age 18d. to find the Hypotenuſe Ag. 1 


E. 
1 


5 
; * 
1 


* 
F 
: 

— 
4 

"—_ 

Fa 

o 


fc. 
4 
Fi 
3 
7 
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* 
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= 

A 
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- 
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As Sine of (ge —— — 18d, om. 9.48998 


To Side oppoſite Ae — 14 — 4.01703 
80 Radius — — 99. -&-. I 0.00000 


To the Hypotenuſe 19g — 336. 5 2. 52708 
Then in the Oblique Triangle 4g m, you have given 


| g 336.5 and the Side gm 96, becauſe equal to 


Ce, and the Angle included {gm 108d.—om. to find the 
Side Am. 


Co. Ar. 
As Sum of the Sides — 432.5 — 7.36402 


240.5 — 2.38111 
So Tang. of half Sum of unknown Angles 36.90 —— 9.861 26 


To Tang. of half their Difference 


22.0 | 9.60639 
Hence the Angle g Am is 144 oom. which ſubtracted from 


the whole Angle 72, leaves the Courſe made good, C 4m 
dd om: Then for the Diſtance made good. 


| Co. Ar. 

As Sine of Gm — — 144d. OM; —0:6:6343 
To Side oppoſite gm — — 96 | 1.93227 
SO Sine Agm — — 108 © 9.97820 


To Side oppoſite Am 


377. 4 — 2.57679 


The Diſtance made good upon each Tack is 377.4 
Miles; the Diſtance ſail'd by the Log upon each Tack is 


Ag and Bk 330.5, the Courſe made good 58d: om. from the 
Meridian: 


Queſtion the Sixth. 


A Maſter of a Ship having taken a Freight from an 
Iſland at A, to another Iſland at B, and having his Son 


aboard along with him to gain Experience, he enquires of 
bis Father, whether there was not a Current ſetting upon 


is 
V 3 * 


ſome Point between the two Iſlands; his Father refuling 


do tell him, bid him obſerve well the Dead Reckoning Out- 
Ward bound, and alſo Home, and ſee if he could not, by 


| ; 5 comparing them, find the true Courſe and Motion of the 
Carrent: Whereupon the Captain, who knew very well 


B b 2 What 


1 
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what Way the Current ſet, and how the Iſlands bore from! 
each other, cauſed them to ſteer away South, and in Run. Þ 8 
ning 270 Miles upon that Courſe, they arrived at B, and! 
having done his Buſineſs there, tht y ſteered North-Weſt, and! o 
Running 380 Miles upon that Courſe, they arrived at A. Now Þ © 
I demand, How the Iſlands bear from each other, and how fx; | H 
diſtant ; alſo which way the Current ſets, and how faſt, ſuppoſing | H 
the Ship ſail'd always at the Rate of five Miles an Hour by the | 
Log? 


Geometrical Conſtruction. 


Draw the North and South Line AC 250 miles, the fit Þ 
Courſe and Diſtance; then becauſe her Courſe home | 
Fig. 74. was North Welt to A, draw the Line AD at an An. 
ole of 45 degrees from AC (becauſe if DA be North | 
Weſt, AD muſt be South Eaſt, and conſequently make an An. 
gle of 45 Degrees with the Line AC) and ſet off 380 from A to 
D, and draw the Line CD which 1 the Motion of the | 
Current during the Ship's Sailing from A to G and from D | 
to A; for the finding of which you have given the Side AC | Þ& 
270, and the Side AD 380, and the contain'd Angle 45 deg, | 
to find the Angle ACD by Cale the fourth, of Oblique Plain | 
Triangles. | 


- 
4 - l p ev P 22 oe. 
iv C 8 4 It "In... => wh. YT EE ITTIOTS - 
* any St: A TEENY |= 3 * 1 


As Sum of the Sides 650. Co. Ar. 7.18708 # 
To Difference of the Sides Il0— 2.04199 


So Tang. of 1 Sum of unknown Angles 67.30 I 0.38277 | 
To Tang. of ; their Difference 22.13 —— 9.61124 


The half Sum added to the half Difference, makes the big- 
ger Angle ACD 89.43. 


Then for the Side CD. | = 

G 

As Sine of Ao? — — 89.43 0.00001 BY 
To Side oppolite AD — 380 — 2.5 7979 | 2 
80 Sine of CAD — — 45.0 — 9.8494 3 


- To 

To Side oppoſite CD 268.7 — 2.42927 E- 4 
The Side CD 268.7 Miles is the Current's Race during the Þ x f 

whole Voyage: Now to find the Bearing and Diſtance of the 1 b 


Iſlands, we ſee that the whole Voyage, out and * Au 
1 


55 : 
miles 
ir 1 * 
Py 2 

> uv G 

wr 
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Ship runs 650 Miles, whieh at 5 Miles an Hour, requires 130 
Hours, in which the Current ſets 268. 7 Miles, but her Voyage, 
* outward being but 270 Miles, which at 5 Miles an Hour requires 
but 54 Hours, therefore ſay by the Rule of Three, if in 130 
Hours the Current ſets 268.7 Miles, how far will it ſet in 54 


Hours? 
268.7 
54 11 
1450 9.8(1 101; fere. 
10748 13330 
13435 FE} 
14509.8 


The Current's Race while the Ship fails by the Log from 
A toC is 110!! almoſt, but for Eaſe of working we will call 


it 110.8, which ſet upon the Line CD from C to B, and draw 
AB which repreſents the true Courſe and Diſtance between the 
twd&Iflands, for the finding of which by Calculation, you have 
given, in the Triangle ABC, the Side AC 270, and the Side 
» 110.8 and the contained Angle ACB 39.43, to find the 


Angle CAB, by Caſe the Fourth, of Oblique plain Tri- 
| angles. | 


= Co. Ar. 
As Sum of Sides 380.8 — 7.41932 
1 o the Difference of the Sides 159.2 --- 2. 20 94 
$0 Tang. of half Sum unknown Angles --- 45.8 -- 10. 00202 


22.47 === 9.62328 


To Tang, half their Difference 
; 


4 Hence the Angle CAB is 22d. 21m. the true Courſe from A 
d B South Eaſterly, which is South South Eaſt 9 min, 


* Joutherly. 
| 7 Then for the Side AB the true Diſtance between the Iſlands, 
- | - Co. Ar. 
Is Sine of CAB 22,21 0.41992 
To Side oppoſite CB —— —— 110.8 2.04454 
N Sine of ACB 89.43 9.99999 
F ! 0 Side oppoſite AB — 291.4 2.40445 


3 The true Diſtance between the two Iflands is 291.4 


B b 3 The 


— 
r —— 


388 An eaſy Method. Sect, I, 


The Courſe of the Current is the Angle ACD, found 
by the firſt Operation 89d. 43m. from the North Eaſterly, 
which is Eaſt 17 Minutes Northerly, and as for the Rate or 
Motian of the Current's running, it is found by dividing the 
whole of the Current 268,7, by the whole Number of 
Hours that the Ship was under Sail 130, the Quotient is the 


Miles that the Current ſets in one Hour, as appears by the 


Operation. 


Joo 87 
130 268.7 3 2 
130-30 1300 


Hence in Anſwer to what was demanded, the Courl: 
from A to B is S. S. E. od—gm. Southerly. — The 
Diſtance 291.4 Miles, the Courſe of the Current is Ea: 


od. 17m, Northerly, and its Rate or Motion is 2,87 Mile, F 


1300 


an Hour. 


Nov if you would prove the Truth of the Operation you 
may eaſily do it, by inverting the Queſtion, and ſtating it » þ 


the firſt Gaſe of Current Sailing, thus ; 


A Ship fails South 5 Miles an Hour in a Current, that (et; 
Eaſt 13 min. Northerly 2.87% Miles an Hour, I demand the] 


1300 


Courſe and Diſtance made good, and you will find it wil þ 
produce S. S. E. ꝙ min. Southerly for the Courſe, and 2914 | 
Mites for the Diſtance ; but 1 fhall leave the Operation for Þ . 


the Reader's Practice, 


— 
\ v5 * * * * 9 


4 New and Exact Method for finding the Longitui u 
any Place of the World, any Day at Noon, when tt 
Sun can be ſeen without any Regard to, or Dep 


dance upon the Dead Reckoning, 


HE often attempted, but never accompliſh'd Word? 

finding the Longitude by an Obſervation is a Difticuly, jr 
which hath hitherto prov'd Inſuperable, even to the belt . 
thematicians in England, and elſewhere, although ſince , 
late Act of Parliament, many have exerted their utmoſt I 
duſtry for the attaining of that End, ſome of whom jen : 
been ſo far from compleating their intended Delign, q 1 
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they have, on the other Hand, rather render'd themſelves 
. their Works rediculous, by Publiſhing ſuch Impoper 
and Improbable Methods, as a certain Artiſt (if he . 
that Name) by certain fixed Stars choſen for each Time of the 
Year, Sc. | 

Whereas it is evident, that any fixed Star ſhall come up- 
on the Meridian of any Place, at . the ſame Hour 
of the Day, that the ſame Star ſhall come upon the 
Meridian of London, although not at the ſame Inſtant of 
Time, but ſoaner or later, 3, 4, 5, or 6 Hours, &c. ac- 
cording as the Place is more or leſs diſtant Eaſt or Weſt 
from the Meridian of London: but if there be that Differ- 
ence in Hours as to the time of a Star's coming upon 
theſe two different Meridians, there is alfo the fame Wik. 
ference in Hours between the Time of the Day or Night 
at London, and that under that Meridian; a South Sun in 
both Places making 12 O'Clock; and 'tis very evident that 
at the ſame Time of the Day or Night, that the Star 


comes upon the Meridian of Londin, it ſhall be the fame 


Time of the Day or Night under any other Meridian, when 


the Star comes upon that Meridian, excepting ſo much as 
the Sun's Right Aſcenſion is increaſed in the Time of the 


Sun's paſſing from one Meridian to the other, which will 


=* cauſe the Star to come ſo much ſooner upon a Weſterly 
Meridian than upon an Eaſterly : But this being ſo little, 
being but about 4 Minutes of Time in 24 Hours, or 360 
Degrees of Longitude, and but 1 Minute of Time in 

Degrees, it is imperceptible; and yet (that ſmall Allow- 
2 ance excepted) there is no difference between the Hour 
of any fixed Star's coming to the Meridian of London, and 
the Hour of the ſame Star's coming upon any other Me- 
> ridian, becauſe the Sun's Motion makes the Hours of the 


Day, and the Star muſt needs come upon the Meridian, 
the ſame Quantity of Time after the Sun in both Places. 


Indeed, if we could certainly know what Time of the 


Day or Night it is at London, when the Son or any known 


Star is upon the Meridian of any other diſtant Place, the 


L 2 Longitude might be eaſily and exactly found; in order 
to which let the Maſter provide a goo 


Glaſs, which may 


run exactly 24 Hours, or rather a good Watch, that hath 
been obſerv'd aſhore, to keep a true and equal Motion, 
& this Watch ſet to the Time of Day when you depart- from 


| 4 any known Meridian, and kept going, will. ſhew the Dit- 


ference of Longitude, that you make whether Eat or 


Weſt; 
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Weſt; for Example, if you ſail Weſtwards, obſerve juſt 
when the Sun is upon the Meridian, and ſee what Hour 
and Minute it is by your Watch, * if you ſail 
Weſtward it will be paſt 12) for thoſe Hours and Min- 
utes which the Watch is paſt 12, when the Sun is up- 
on the Meridian reduced to Degrees and Minutes of the 
Equator, allowing 15 Degrees to one Hour, and one Degree 
to every. 4 Minutes of Time, and 15 Minutes of Longitude 


to one Minute of Time, ſhall ſhew the true Difference of 


Longitude. 


Note, If youſail Eaſtward, your Watch willl want ſomething 


of 12 o'Clock, when the Sun is upon the Meridian, becauſe 


then you meet the Sun, and have him upon your Meridian be- 
fore he comes upon the Meridian of London; in this Caſe ob- 
ſerve how much your Watch wants of 12 o' Clock, and that re- 
duc'd as before, gives your Difference of Longitude Eaſterly; 


This in general is the Method that I ſhall recommend to the 
World for this End. 


But I know it will be preſently objected, that this is no new 
Thing, nor is it Practicable at Sea; for ſome that have attempted 
to ah: ſome Account of their Longitude this Way, have found 
themſelves in an Error, not finding the Difference between the 
Watch and the Sun, when reduc'd as above, to give the Differ- 
ence of Longitude, which they were (for ſome Reaſons) pretty 
confident they had made, and this Error they impute to the 
Watch, and henee have inferred, that a Watch will not go 
ſo truly and regularly at Sea as on Shore, by reaſon of the 
ſalt moift Air that impedes its Motion or makes it uncertain, 
according to the Variableneſs of the Weather, and there 


by renders this Method for finding the Longitude Imprac- 
_ Eticable. 


I anſwer, I do not believe at all that this Error is to be im- 


puted to the Watch if carefully kept, which you may eaſily do, 


if you provide a little Square or round Box about four or five 
Inches broad, and have it fill'd with fine Cotton, taking part of 
the Cotton out and putting the Watch towards the Middle of 
the Box upon the Cotton you leave in the Box, and put thc 
reſt that you took out upon the Watch, and ſhut the Box, 
Keeping it in ſome dry Place, as in your Cabbin, or upon 
ſome Shelf near your Bed: I Queſtion not but a good Watch 
ſo kept would go as true at Sea as a-ſhore. 


n fac 
. 
E274 —_ 
* * 
, G wy 
v. * 
22 q 
is * 
: 5 
* FI 
1 71 
3 * 
2 . 
pf 1 
* 
* D 


rr 


> — > 


all. 


, Chap. IV. For finding the Longitude. 25 


But I ſuppoſe the Error which hath been obſerv'd, and which 
hath cauſed any to deſiſt from making any Attempts to find the 


the 


uation of Time, without which it 1s impoſſible to keep 
a goo 


Watch right, or to ſuppoſe it to be ſo either at Sea or 


aſhore ; for a good Watch, (or Clock) divides the time equally, 
but the Sun by Reaſon of ſome Inequalities in his Motion divides 


"the time unequally ; ſo that if the Sun and a true Watch be ſet 
together at ſometimes in the Year, yet the Watch will at other 
times differ 10, 12, yea ſometimes 16 Minutes from the time 
given by the Sun, and yet no Fault in the Watch, and there- 
fore it is very evident that if for finding the Longitude you only 
*obſerve the time of the Day given by the Watch, without re- 
garding this Equation, eſpecially when the Equation is great, as 
35 or 16 Minutes, you will be ſo much wrong in your Ac- 
count of Longitude, as that 15 or 16 Minutes reduc'd to the 
Equator amounts to, v/z. about 4 Degtees of Longitude, 
which is an intolerable Error, and might be prevented by al- 
lowing for the Equation of Time. 

For further Illuſtration hereof, ſuppoſe you ſet your Watch 
with the Sun the ſixth Day of Zune, then the Equation is no- 
thing, being in London at the ſame time, and continuing there 
Ptill the 23d Day of 04756. you will find your Watch to be got 
16 Minutes behind the Sun, from hence (if you do not know to 
the contrary) you might by the foregoing Rule conclude that 
you had altered your Longitude 4 degrees Eaſterly, but if to 
the Time given by the Watch, you add the Equation 10 Min. 
the Sum is the true Time of the Day by the Sun, and proving 
you to be in the ſame Meridian that you were under, when 
ou ſet your Watch to the Sun, the difference in Time 
and l the difference of Longitude being nothing at 


Plong this Way, is for want of a right underſtanding of 
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This Equation of Time is cauſed by an Inequality of the 


4 Sun's Motion from Weſt to Eaſt, 5 the Succeſſion of 
1. Signs ; for the ſwifter that the Sun is in his Annual Motion Þ 5 
| from Weſt to Eaſt, the flower he muſt be in diurnal Motion A e 
Cl from Eaſt to Weſt, as is plain by the Figure in the Margin. 1 1 
1 io. 78. vid Suppoſe the W heel An DEF to move round upon 3 
1 1 the Center C once in 23 Hours according to the Or. 1 


7 w 54655 der of the Letters ABC, &c. and in the ſame Quan. 1 
Joes 307+ _ of Time, viz. 23 Hours, a Snail creeps the con- 
| trary Way, from A to F; now although the Point A is come 
| to the Place where it was, having gone once about, yet the 
a Snail wants the Space FA of a whole Revolution, and will not 
| be got to the Top where A is, till Abe got ſo far as the Point 
| 7, Which will be about another Hour, and if the Snail had mo. 
| ved yet faſter, ſo that in 23 Hours ſhe had got from A to E, the 
I would have been yet ſo much longer in arriving at the Top: 
viz. About 25 Hours ; from hence it is plain, that the faſter 
the Snail creeps from A towards F, E, &c. the longer ſhe is in 
coming to the Top of the Wheel moving the contrary Way, 
and conſequently the Faſter the Sun moves from Weſt to Eat 
in his Annual Motion according to the Succeſſion of Signs, the 
longer he is in making one Diurnal Revolution ; and although 
the Sun's Revolution from the Meridian to the ſame Meridian 
again always Determines the 24 Hours, yet it is plain from 
hence that every 24 Hours by the Sun is not exactly the ſame 
equal Space of Time, which in Proceſs of Time makes a ſmall þ _ 
Difference between the Sun and a good Watch, and is the 
Occaſion of the aforeſaid Equation of Time. | 
This Inequality of the Sun's Motion proceeds from a Two- | 
fold Cauſe. SE 
The firſt Cauſe is the Obliquity of the Ecliptick, making an 
Angle with the Equator of 23.--- 30m. or therebouts; now the | 
Ecliptick being properly an Oblique Circle, the Poles of the 
Equator, and not of the Ecliptick, being the Poles of the 
World, and the Center of all Diurnal Motion, the Right Aſcen- | 
ſion of the Sun muſt be accounted upon the Equator : and hence 
it is manifeſt, that although the Motion of the Sun in the Ecli -/ 
tick were always equal, yet his Motion from Welt to Ealt, 
or his Right Aſcenſion accounted upon the Equator, could not . 
be ſo much, or Increaſe ſo faſt in Aries or Libra, where the 
 Ecliptick makes an Angle of 23 deg, 30 min. with the Equator,, 
as in Cancer and Capricorn, where the Sun's Way in the Eclip- {RY 
zick is Parallel to the Equator "Mm 
Jig. iq. vid For Illuſtration of what hath been ſaid ſuppoſe the ft. 
plate oppo- Line ABCD to repreſent half the Equator, and tbe BR 
ſite p. 267. Auch 
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Arch AFED, to repreſent half of the Ecliptick, now although 
the Segments AFand FE and ED are equal, yet Perpendiculars 
let fall from the Points F and E upon the Line ABCD, at the 
Points B and C do not divide that Line into three equal Parts, 
from whence it is plain, that the Sun's Right Aſcenſion DC is 
— ſo much increaſed by his Running from O to E at fo great 
an Obliquity to the Equator, as the Sun's Right Aſcenſion CB 
is in his Running from E to E, where his Motion is almoſt Par- 
allel to the Equator ; and then if his Motion from Wet to 
" Faſt be ſwifteft in the Tropicks for Reaſons now given, his 
Diurnal Motion muſt be flower by the firſt e ee 
But a ſecond Cauſe of this Inequality is occaſioned by the 
Eccentricity of the Sun's Orb (whether we allow the Sun or 
Earth the Motion it matters not, but in this Caſe we ſhall im- 
pute the Motion to the Sun) which moves in his Orb ſometimes 
pearer, ſometimes farther off from the Earth, by which Means 
; youre the Sun's Motion in his Orb were always equal, yet 
it would appear to us to be ſometimes ſwifter than at other 
mes from Weſt to Eaſt, and conſequently flower ; in his 
Diurnal Motion, as you ſee demonſtrated in the following 
igure. 


Fig. 15. vide Plate oppeſite Page 367. 


Z In this Diagram fuppoſe the Earth at the Center, about 
Which is deſcribed the Circle ABCD, which is equally divided 
Into 12 Parts, at the Points A. 1. 2. B. 3. g. &c. repreſenting 
the 12 Signs whichin themſelves are equally divided. Now it 
the Sun Fa move in the Circle ABCD, which is equally diſtant 
om the Earth its Center at E, his Motion would be regular 


n's Orb. makes the Diviſion of the _ although equal in 
themſelves, to appear unequal to us; for the Illuſtration of 
Which, ſuppoſe the Sun to move in the uppermoſt Circle, 
Marked V & IL, Oc. whoſe Center is at the Mark ©, and 
Wppolſe the Earth at the Center of the other Circle near the 
Mark E: now although with reſpect to the Center E, the 


ele Lines continued to the uppermoſt Circle in which the Sun 
ſuppoſed to move, the Diviſions upon that Circle are very 

Wequal, and therefore although the Sun's proper ſimple Moti- 
W ſhould be always equal, yet it is very plain that the Sun in 
pricorn when neareſt the F.arth, ſhall appear to us to run 
Wore ſwift, than when in Cancer, in his Aphelion or greateſt 
—Wiance from the Earth, by Reaſon of the ſmaller Diviſion 


_—_ ”. 
by - 


. certain, but the Earth being not the exact Center of the 


Nviſions or Lines drawn from thence are equally diſtant, yet 


of 
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of the Signs, not that they are really ſo, but appear ſo to us, 
becauſe of the Nearneſs of the Sun's Orb to the Earth, 4 
you ſee the Points Y and & are Diametrically oppoſite p 
each other, ſuppoſing the Eye at the Center E, where the! 
Earth is ſuppoſed to be, and the far greater Part of the Cir, ! 
is above the Line V which yet contains but ſix Signs, aud hi 
the far leſſer Part is below that Line which contains allo y 
Signs, and yet the Signs equally divided upon that Circle, Þ 
whereof the Earth is ſuppoſed to be the Center. 1 
Note, I am not here undertaking to determine whether the ö 
Sun or Earth be the Center of the World, or whether the Om 
of the Planets be Circular or Elliptical; for which way ſoe 
it be, this Demonſtration ſerves to Illuſtrate what I am ny 
upon, as to the Equation of Time; and to let the Reader { 
the Reaſons thereof, which is all that is expected from thi 
Diagram. 
Now the Occaſion of this Equation being Twofold, a3 
proved, it is plain, that when both the Innequalities tend o 
Way, it alters the Equation faſter, as about the middle of 2: 
cember, when the Sun is neareſt the Earth, he appears to mo: 
faſter from Weſt to Eaſt by the laſt Demonſtration ; and ab 
Running then almoſt parallel to the Equator, his Motion, 2 
cording to the Succeſſion of Signs, muſt be ſwift, by the {| 
cond Demonſtration ; and therefore his Diurnal Motion or f. 
volution from Noon to Noon, muſt require more Time, . 
the firſt Demonſtration, and conſequently the Watches milf 
now go faſter than the Sun ; but in Nine although that Pan 
the Ecliptick in which he then is, lies nearly parallel to the i 
uator, as in December, thereby Accelerating his Eaſterly Mf. 
tion, to our Appearance; yet his Diſtance from the Earth be 
ing then in Aphelion, helps to retard it, ſo that the Motion df 
the Equation, is not then ſo evident. "i 
From this Inequality, as grounded by theſe TWO Oct| 
ſions, are the foregoing Tables of Equation of Time | 
culated, which will ſerve for many Years; without any {: 
ſible Alteration. Their Uſe is ſo plain, that every Body ny 8 
underſtand it; for find the Month at the Top of the LiF 
and the Day at the Left Hand, and in the common Ange? 
Meeting, you have the Equation in Minutes and Seco 
whether it be too Faſt or too Slow; as the Title [ Wa = 
Too Faſt] or [Watch Too Slow] Directs. = 
And now for the Application hereof to the finding * 
Longitude ; when you ſet Sail obſerve in your Tab: ja 
Equation of Time, how much the Watch is too Fa 
too Slow, and ſet your Watch to it, and not exactly " 1 
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Frime of the Day, unleſs it be when the Equation is nothing. 
As for Example, Suppoſe I am bound upon a Voyage any 
| Pay when the Equation found in Table is Seven Minutes, and 
me Title [Watch too Slow] I conclude from thence, That 
| A good Watch ſhould be Seven Minutes too flow, or be- 
Hind the Time given by a true Sun-Dial, therefore I put 
wy Watch Seven Minutes behind the Time given by the 
Sun. As ſuppoſe I ſet my Watch at 12 o'Clock, I put it to 
53 Minutes paſt 11, or if I ſet it at 4, I put it to 53 Minutes 
Paſt 3, Cc. and laying it carefully by, as before directed, it is 
Kt for the Voyage. ; | 
* Suppoſe I have ſail'd ſeveral Days to the Weſtward of the 
eridian departed from, but whether Northwards or South- 
wards it matters not, finding the Sun juſt upon the Meri- 
Gian, I look at my Watch, and find it 16 Minutes, paſt - 
Clock, and looking in the Equation Table, I find / arch 
Yoo Faſt 12 Minutes, therefore I ſubtract 12 Minutes from 
the Time given by the Watch 3 Hours, 16 Minutes, the 
| emainder 3 Hours 4 Minutes, reduces as before directed, 
Fires 46 Deg. o Min. The true Difference of Longitude ; 
Kut if it had been too flaw 12 min. you muſt have added 12 


Win. to zh. 16m. Gc. 


| 


Note, If you ſet yonr Watch exactly with the Sun when 
the Equation is nothing, it will always after that hold the 
Fame Equation found in the Table, whether too faſt or too 
by, and the ſame Quantity, (if your Watch go right) and 
that is the Reaſon, that if you ſet your Watch when there is 
gquation, you mult give it the Equation anſwering to that 
Day, (whether ſwift or flow) and then it will alſo hold the 
me Equation. 


If any Body will object, that if a Watch proves wron 
and erroneous, it may cauſe a great Error to be contract 
this Way of finding the Longitude, according to the Slow- 
s or Swiftneſs of the Watch. 
answer, y- I agree to; but nevertheleſs when 
Patches, as well as other Inſtruments, are made by a good 
| Workman, and ſold to a Gentleman for good and ſubſtan- 
"WM, it is commonly expected that they ſhould anſwer the 
Id for which they are made and bought; and if we will ſuf- 
| 8& this Objection to prevail yet farther, I anſwer, That 
Ich reſpect to the Latitude, it may as well be urged, chat if 
2 Quadrants, Fore-ſtaves, or other Inſtruments for that 
1 | Purpoſe 


4 


398 An eaſy Method Set 1 
Purpoſe were made wrong, we ſhould be much deceived n 
our Obſervations for the Latitude; and (yet how few uy Þ 
ſuch Suppoſitions will Fooliſhly deſiſt from the Uſe of that! 
Inſtruments for attaining the Latitude; nay, ſo far are thy Þ 
from that, that when they find an apparent Fault in a Ou. 
drant, they will obſerve carefully what the Fault is whether 
Northerly or Southerly, and how much, thereby to regu. | 
late their future Obſervations ; and when all is done, yy | 
ſhall rarely find whether there are many Quadrants, 
many Obſervers aboard of one and the ſame Ship, and Ob. 
ſervihg at one and the ſame Time, that all their Obſerrz. Þ 
tions ſhall be exactly the ſame, but differ ſometimes 6, „ 
10, or 20 Minutes, or ſometimes more; and yet theſs þ 
Differences are thought tolerable, and the Mariners continue 
to uſe theſe Means, and in a great Meaſure to truſt to then! 
notwithſtanding; for we muſt not expect to attain to hn. 
fallibility in any Reſpect, whilſt we are traverſing this Ter. 
raqueous Globe Not that I would adviſe any Body 9 
be too credulous, or to take either Watches, or other In. 
ſtruments, and truſt to them as the beſt, meerly upon the | 
Report of another, unleſs you know you have great Reaſon | 
to depend upon the Credit of them that ſo .ecommend | 
them: But if you think to make uſe of this Method for 
finding the Longitude at Sea, take a Watch along wit 
you, that you have had ſome Experience of aſhore, and i 
you have found that your Watch has gone well aſhore, 
and yet fear, that for the Reaſons before mentioned, ſhe F 
may not go ſo well at Sea, take her along with you upon] 
ſome ſhort Coaſt Voyage, where you can every now and] 
then obſerve whether ſhe keeps her true Motion at Sea s 
well as aſhore, and if you find that notwithſtanding you | 
keeping her ſo carefully, as before directed, the Clamminc | 
of the Sea-Air, does (as ſome ſuppoſe) retard her Motion, 
you may uſe means to quicken her Motion as much as t 
counterballance her Dulneſs occaſion'd by the Sea-Air, ff 
any ſuch thing be, (which I cannot believe, if ſhe be bet 
warm and dry, as before directed) and by this Means I 
not queſtion, but that this Method for findIng the Long. 
tude might be render'd as eaſy and practicable as the com-: 
mon Methods now in Uſe, for finding the Latitude by Ob. 
ſervation, a Thing very delirable, and therefore ceteris þ 
to be encouraged, and put in practice. 
I know it is argued by Sailors, and with good Reaſn 


too) that in Places near the EquinoCtial, the Degree f 1 
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tude and Longitude are ſo nearly equal, and that the 
FE:cator's Chart and Plain Chart are ſo much alike, that 
ngitude there need not be much regarded; but the great- 
Neceſſity for it, and Difficulty in attaining it, is in 
ces nearer the Pole, eſpecially above 60 Degrees of La- 
ide, where a Degree of Longitude contains not half fo 
any Miles as a Degree of Latitude, which makes the Work 
0 re difficult. 
@ anſwer, for the Encouragement of thoſe that would put 
practice what is here deliver'd, that the nearer the Poles 
Bit you come, and conſequently the leſſer the Degrees of 
Ingitude are, the more practicable is this Method, and the 
& the Errors that can be ſuppoſed to be contracted; for 
Da few Miles Weſting or Eaſting in Latitudes above 60, 
Gere the Degrees of Longitude are not half fo much as a 
gree in the Equinoctial, you may much more ſenſibly 
apparently diſcern your Difference of Longitude there 
tan nearer the EquinoCtial. I have been my ſelſ running 
te or ſix Knots due Weſt in Latitude 72d. Zom. or there- 
Puts, (1 do not exactly remember, but it was in coming 


oe itſelf lies in Latitude 71d. 22m. and we did not make 

he Cape coming home) and in 24 Hours running, I could 

y ſenſibly diſcern that we had gained about half an Hour: 

io that when the Glaſſes were out for 12 o*Clock, (which 

We had formerly experienced to be very right) it wanted 

bout half an Hour of 12 by the Sun, as near as I could 

mpute, having no Help but the Ship's Glaſſes to compute 

by : The Truth of which is alſo evident; for in Latitude 
d. zom. there is but about 18 Miles to a Degree, and if 
We run about 135 Miles that 24 Hours, which might be 
Ine at the Rate aboveſaid, it would anſwer exactly to 7 d. 
m. of Longitude, which is juſt half an Hour in Time; 

Wand hence it is plain that the Difference of Longitude by 
nethod is more perceptible in great Latitudes than near 
Ihe 1 

And that the Errors here contracted are alſo leſs is as 


tes of Time, this 4 Minutes, I confeſs, is a Degree of 
ongitude in all Latitudes, and in that Reſpe& the Error 
equal in all Latitudes: But when the Longitudes comes 
be reduced to Miles, ſuch whereof 60 makes a Degree 
a great Circle upon the Earth, you will find that a De- 
ee at or near the EquinoCtial, is about 60 Miles, and 

GC therefore 


om Archangle, about the North Cape of Pinmark, the 


ident: For ſuppoſe your Watch to be wrong by 4 Mi- 


2 


— 
— 


An Eaſy Method, &c. Sect, 


*k*refore an Error of 4 Minutes in Time, begets an Err 
of ſixty Miles near the Equinoctial ; but in Latitude 52 
30m. aforeſaid, where there is but 18 Miles to a Degre 
an Error of 4 Minutes of Time begets an Error of but 
Miles in Diſtance ; and further North, where the attain 
of Longitude is yet more difficult, the Errors contract 
by this Operation will conſequently be leſs, an Error of 
Leagues being as diſcernable in Latitude 72d. 30m. x ; 
Error of 20 Leagues near the EquinoCtial ; fo that althou 
Sailing near the Equinoctial is commonly reckoned the efic 
in all other Caſes, yet by this Method the moſt diff 
Taſks are become the moſt practicable and eaſy : And 
think I may, without Preſumption, entitle it as uſeful 2 

Help for finding the Longitude as what has yet bee 

offered, and may be very aſſiſting in that uſeful Subjed 

till (if poſſible) the deſired Compleatment thereof be ac 

compliſhed. 


The End of the New Method. 
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The Deſcription and Uſe of the Sea Quadrant, commonly 
called Davis's Quadrant: by the French, the Engliſh 
Quadrant. | 


of | 8 HAT are the chief Parts of this Inſtrument ? 
as W T. 7. The chief Parts of it are 2 Arches, (a leſſer and a 


greater) and 3 Vanes. 

S. How do you call the leſſer Arch e 4? 

T. Ivis oalled the Sixty Arch, becaule it contains 60Degrees. 

S. Why is this Arch made leſs than that of g y, which 
contains but half ſo many Degrees ? | 

T. Itis to the End that the Shadow of the Vane B, which is 
placed on it, (or rather the Beams of the Sun, which paſs 
the Hele and Glaſs of the ſaid Vane) may appear the better 
upon the Vane A. | 

S. How do you call the greateſt Arch g f ? | 

T. It is called the Thirty Arch, becauſe it contains 30 De- 

rees. 
, S. Why is this Arch made upon a larger Radius than e d ? 

7. It is to the End that it may be the better divided into De- 
grees and Minutes, and that thoſe Degrees being bigger, the 
Obſervation may be the more exact. 
S. Howdo you call the Vane A? 


5 
2 
14 


402 The Deſcription and Uſe of the Quadrant. 


T. The Horizon Vane, and the next to it at B, is called 
Shadow Vane ; and the third Vane C, is named the Sight Vane, 
becauſe it is to be placed to your Eye in Time of Obſerva. 
tion. 

S. What is the Uſe of this Quadrant ? 

7. Furſt, put the Horizon Vane on the Center or End of the 
Quadrant at A, then conſider what will be near hand the 
Complement of the Sun's Meridian Altitude that Day, and 
ſet the Vane B 10, 15 or 20 Degrees leſs than the Con. 
plement of the Sun's Altitude, making it parallel to the Ho. 
rizon Vane, (if you can) then turn your Back to the Sun, 
and looking through the Sight at C, bring the upper Edge 
of the Shade Vane, to fall upon the upper Edge of the ST 
in the Horizon Vane, (but if there is a little Hole with a 
Glaſs in the Middle of the Shade Vane of your Quadrant, 
bring the Beams of the Sun which paſs through thg ſaid Hole, 
to fall ſo upon the Edge of the Slit in the Horizon Vane, as 
to. be equally divided by it) and at the ſame Time look 
through the ſaid Slit for the Horizon, and if you ſee only Ses, 
then ſlide your Eye Vane a little lower, towards 7, but if 
on the contrary you ſee all Sky, then remove your Sight 
Vane a little lower towards g, then obſerve again as before, 
continuing to move your Sight Vane higher or lower, until 
you ſee the Shadow upon the upper Edge of the Slit, andat 
the ſame Time the Horizon, through the ſaid Slit on the 
Horizon Vane, then have you the Sun's preſent Altitude; 
and when he is riſen a little higher, obſerve again, and ſo 
continue to do from Time to Time, and very often when 
you perceive he is almoſt upon your Meridian; and when 
you find that the Sun is at his higheſt, do not alter your 
Vanes, but continue obſerving as they ſtand, until you per- 
ceive the Sun deſcends. | 


S. How - ſhall I know when the Sun is deſcending, and [2 


leſſening his Altitude? 
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T. As the Sun deſcends from the Meridian, you will loſe þ? 
Sight of the Horizon, and when you ſee nothing but Sky, . 
you have done obſerving for that Day, for your Vanes niult Þ3 
not be moved any more, until you have worked your Ob. 


ſervation thus. 


Look how many Degrees and Minutes are cut by the in- 
ſide of the Sight Vane, and by the upper Edge of the 
Shadow Vane, for thoſe two being added together, will be 
the Sun's Diſtance, from your Zenith, to which, add or fuv- BR 
tract the Sun's Declination as you ſhall be directed in the 


following Diſcourſe. | 
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The Deſcription and Uſe of the Croſs-Staff, or Fore-Staff. 


P Inſtrument conſiſts of a Staff and four Croſles, 


the firſt and ſhorteſt is called the Ten Croſs, and it be- 
longs to that fide of the Staff which is numbred from about 3 
Degrees to 10 Degrees. Sometimes the Thirty Croſs, and 
the reſt of the Croſſes are fo made, as that the Breadth there- 
of ſerves inſtead of the Ten Croſs. 

The ſecond Croſs is called the Thirty Croſs, and belongs 
to that ſide of the Staff which is numbred from about 10 De- 
grees to 30. 

The third Croſs is called the Sixty Croſs, and belongs to 
to that ſide of the Staff which is numbred from about 20 to 60 
Degrees. 

The fourth and laſt Croſs is called the Ninety Croſs, and 
belongs to that ſide of the Staff which is numbred from about 
30 to go Degrees. | | 

The Staff is likewiſe numbred with the Complement to 90 


Degrees, viz.) at Io ſtands 80, at 20 ſtands 70, at 3oſtands 
60, and ſo the reſt. 


The Uſe of this Inſtrument is to take the Meridian Altitude 
of the Sun or Stars, which is done as followeth : 


Firſt Conſider what the Sun's greateſt Altitude will be 
that Day, accordingly uſe the Croſs moſt ſuitable, hve 
gs 


- — — . — — 
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Tf the Meridian Altitude be judged to be under 10 Degrees, 
uſe the Ten-Croſs ; if between 10 and 30 the Thirty-Croſs; 
if between 30 and 60, the Sixty-Croſs ; if between 60 and go, 
the Ninety-Croſs, which is ſeldom uſed. 

Faving put on the Croſs, place the flat End of the Staff at 
A, to the outſide of the Eye, as near as may be, without 
hindering the Sight; thus the Face being towards the Sun 
or Star, huld the Croſs upright; then look at the upper End 
of the Croſs at C, for the Sun or Star, and at the lower 


End at B, for the Horizon, and if the Sea appear inſtead of 


the Horizon, remove the Croſs a little further from the 
Eye, but if the Sky appear inſtead of the Horizon, remove 
the Croſs a little nearer to the Eye, until the Sun or Star 
appear at the upper End, and the Horizon at the lower 
End; which, when they do, then upon the Side of the 
Staff belonging to the Croſs uſed in Obſervation, will be found 
the Degrees and Minutes of the Altitude of Sun or Star, 
But the greateſt Altitude being that which 1s required, 
Obſervation muſt be continued as frequently as Judgment 
ſhali direct, until the Sun or Star be at the higheſt ; and 
as the Sun or Star riſes, the Sky will appear inſtead of the 
Horizon ; but when the Sun or Star is paſt the Meridian, 
and begins to fall, the Sea will appcar inſtead of the 
Horizon, and then is the Obſervation finiſhed ; and upon the 
ſide of the Staff, proper to the Croſs uſed, are found the 
Degrees and Minutes of the Sun's Meridian Altitude ; which 
ſubtracted from go Degrees, gives the Complement of the 
Altitude; or it may be taken off the Staff at once (the Staff 
being number'd with the Complement, as is ſhewed beforc) 
with which, to proceed in finding the Latitude of the Place, 
obſerve the Rules and Directions aforegoing. 
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A Table of Latitude and Longitude of the Principal Har- 
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bours, Headlands, and Iſlands in the World: Corrected 
by the lateſt and beſt Obſervations; the Longitude 
reckoned from the Meridian of LON D ON. 


Note, #hen the Latitude and Longitude of an Iſland is given, 


the Middle of the Iſland is meant, except ſome particular 
Part of it is expreſſed. 


i 
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Places Names. 


Stockton — 453 ol} 5W||Northern Iſles 
Spurn 5 5 


Yarmouth — geo 38 E Shetland S. Point oo Foo I 
LONDON 5131 foofoo E 
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A Table of Latit 


i Latit. jLongit. Latit. |Longit. 
Places Names. North. E. WW | Places Names. North E © ** 
D. M. D. M. D. M. D. M. 
Amſterdam — 240554 < Barcelona 41;:26 [02118 
Rotterdam —— j51]55 04] © :*[[Marſeilles -— [4318 [e5[27 
The Brill 532000 210410 Toulon 4307 po o 
Sluys eee 14 2104143 $||Genoa— 4425 08043 
Calais lol 58 Ho1154® [Leghorn 43/28 "15 
| — — Rome — 41 54 [12145 
| Coaſt of France and Portugal. Naples — 40 51 14145 
| — C. Spartavento 3755 1055 
Dieppe - [49 56 01509 El|Cape Collone —138 50 1805 
Cape de Hogue 4g) cozjvo ¶Callipoli- 3956 [18]43 
Caſkets -—— —449 Cape St. Mary 59.45 19 
Guernſey 40 Ancona - 4340 14026 
St. Maloes.— 48 Venice — — [4525 12/10 
Morlaix- 148 Lepanto ——— 38 10 5s be 
Ufhant—— 48 Cape Matapan - 66133 220 
Breſt -- 48 Cape St. Angeloſ3® 32 256 
Penmark Athens ——— 67358 124] '5 f 
Bell Ifle C. Martelo S.P. 80 Wy 53 
07 98253 
Nantz — of Negropont 3. 
Iſland Dieu C. Monte Sanctof 26 Ne 
Iſland Rey ——| Salonica- 441 2388. 
Rochel —— 2 |jGallipoli 49133 2127125 
Bourdeaux -—— Conſtantinople --]44159.7 3506 
Bilboa — Smyrna-- 38028 [7125 
Cape Ortegal —|; Epheſus-- 38] 1 2755 
Cape Finiſter — Antiochetta 6630 324 
Port a Port Scandaroon —— 36 34 3630 
Burlings z Aleppo -- 335142 [37124 
Rock of Liſbon Iz. Tripoli--- 34338 50/15 
[Liſbon — Alexandria — | jo 13919 
Cape St. Vincent Cape Ruſato- — 3248 725 
| 2 101 
Cadiz — Cape Meſurato— 321 7 
0 ape Trefalga Tripoly ———Þ254 180 
24 — [Cape Bona — 3703 or” Fi 
The Coaſt on the Main Conti-||Bona=- — 622 0 9 
nent within the Straits. Algier 375 2210 | 
2 ; — — [C. de tres forcas + 30 02 oF 
Gibraltar — 12 'Z104153 g Tetuan — 135127 05 o 
Cape de Gat — 364 * 1140 < Ceuta — 54 04 45 
Cape Paul 438015 och; 5 Tangier ——=-| * O 522 
Ps St. Martin (38146 * foo = N | 
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A Table of - Latitude and Longitude. 


| Places Names. 


"The he Ganary Iſlands. 


Latit. 
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Tong. 
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. Places Names. 
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Ferro — 12764 745 
Palma——-—28]40 7536 
Zomero 28106 97e 
Teneriff —— 8023 S 16028 — 
* Pa =I 
Porto Sanfto— 32058 8 15 54D 
Canaria 127 80 
Forteventura, 8 
S W. 8 2805 12036 
Lancerota 29 [12145 


Cape de Verde Iſlands. 
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Cape Baſſos —-} 
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Cape Raſulgat— 
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Cochin 
E Comerine 
Fort St. George 
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Viſagapatam-—- 
Cape Palmiras-- 


4 1105 
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1 Maldivia 
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ape Frio 


Spirito Sanfto— 


Segura 


B. To Jos Sanctos 


R. St Franciſco 
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St. Auguſtin 


Acunha 
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Surinam 


Campecha 
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—— — 


Jranad O—. 


St. Lucia 
Martinico 
Dominico 


Trinidada —-- 
Tobago, W. end 
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